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s p i r a t i o n f o r t h e  p r i m a r y  t i l l ag e  s t u d y • • • • • • • • •  5 1  
1 9 . Le a s t -sq u a r es me a n s o f  t o t a l  ev ap o t r an s p i r a t i on 
v a r i ab l es a n d  i n t e r a c t i o n s  f o r  the  p r i ma r y  t i l l a g e  
s t u dy • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  5 2  
2 0 . S t a t i s t i c a l  an a l ys i s  summ a r y  o f  av e r a g e  d a i l y 
e v a p o t r ansp i r a t i on f o r t h e  sp r i nk l e r st u dy • • • • • •  5 3  
2 1 .  Le as t -sq u a r es me a ns o f  a v e r ag e  d a i l y  e v ap o t r an ­
s p i r a t i on v a r i ab l es f o r t h e  sp r i nk l e r s t u dy • • • • •  5 4  
2 2 . S t a t i s t i c a l  a n a l ys i s  summ a r y  o f  av e r ag e  d a i l y  
e v ap o t r ansp i r a t i on f o r t h e  p r i ma r y  t i l l ag e  s t u dy 5 4  
2 3 . Le ast -sq u a r es m e a ns o f  av e r ag e  d a i l y e v ap o t r a n ­
s p i r a t i on v a r i ab l es and i n t e r a c t i ons f o r t h e . 
p r i ma r y t i l l a g e  s t u d y • • • • • • • • • • • • • • • • • • • • • • • • • • •  5 5  
2 4 . Ye a r l y  p ump i ng c os t  d i f f e r e n c es f o r a 5 3  h a  f i e l d  7 5  
2 5 . P r esen t wo r t h v a l u es o f  y e a r l y  p ump i n g c os t  d i f ­
f e r e n c es f o r a s e v e n  y e a r  p e r i o d o f  a n a l ys i s and  
10% i n t e r est • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 7 8  
2 6 . Ye a r l y  t i l l ag e  c os t  d i f f e r e n c es f o r a 5 3  h a  · f i e l d 
a nd asso c i a t e d p r es e n t wo r t h v a l u es f o r  a s e v e n  
y e a r  p e r i od o f  an a l ys i s a n d  1 0 %  i n t e r es t  • • • • • • • •  7 8  
2 7 . To t a l  y e a r l y  c os t  d i f f e r e nc es f o r  a 5 3  h a  f i e l d  • 7 9  
2 8 . P r ese n t  wo r t h v a l u es o f  t o t a l  y e a r l y  c os t  d i f ­
f e r e nc es f o r a s e v e n  y e a r  p e r i od o f  an a l ys i s  a nd 
1 0 %  i n t e r es t  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  8 0  
- v i i i -
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IRTKODUCTIOR 
E n e r g y  s a v i n g s  a s s o c i a t e d w i t h  l o w p r e s s u r e  
s p r i n kl er i rr i g at i o n  h a v e  m a d e  c o n ve r s i o n  t o  r ed uc e d  
pre s sure syst ems a n  a t tra c t i v e a l t ern a t i v e t o  i r r i g a t or s  
i n  r e c e n t  y e a r s . A m a i n  d r aw b a c k  o f  r ed u c e d  p r ess u r e  
s y s t ems i s  t h e  a s s o c i a t e d i n c r e a s e i n  a p p l i c a t i o n 
i n t ens i t y, o f t en prod u c i n g i n c r e a s e d s u r f a c e  ru n o f f  a n d  
e r os i on a n d de c r e as e d  a p p l i c a t i o n un i f o r m i t i e s .  S o i l s  
w i th c r u s t i n g tend e n c i e s c a n a g g r a v a t e  the  sur f a c e r uno f f 
p r o b l em c a u s ed b y  l o w p r e s su r e  spr i n k l e r s ( G i l l e y a n d  
M i e l k e , 1 9 8 0 ) .  T h e p r e s e n c e o f  d e c r e a s e d un i f o r m i t y  
a nd / o r  i n cre ase d ru n o f f o f t e n r e su l t s i n  l ower y i eld s a n d 
t h e  n e e d  f o r  e x t r a  i r r i g a t i o n w a t e r .  T h es e  f a c t o r s  c a n 
ou twe i gh t h e  b en e f i t s o f  d e cre a s ed p ump i n g c os t s . 
R e c e n t  a t t e n t i o n h a s b e e n  f o c u s e d  o n  t h e  
p o s s i b i l i t y o f  d e c r e a s i n g su r f a c e  ru n o f f f r om r e d u c e d 
p r es s u r e  i rr i g a t i o n w i t h  c h a n g es i n  t i l l a g e  p r a c t i c e s 
( G i l l e y e t  a l . , 1 9 8 3 a n d  D e B o e r  a n d  B e c k, 19 8 3 ) .  A 
f i v e - y e a r s t u d y  was i n i t i a t ed i n  1 9 8 1  i n  n o r t h c e n t r a l  
S ou t h  Da k o t a  ( n e a r  Ge t t ysb urg ) t o  d e t e rm i n e  t h e  e f f e c t s  o f  
c on s erv a t i o n t i l l . a g e o n  r e d u c e d  p r e s s u r e  i r r i g a t e d c o r n  
pro d u ct i o n .  Th e r e s e a r c h w a s  s u p e r v i s e d b y  Dr . D a r r e l l 
D e B o e r an d D r . Dw a y n e  B e c k  o f  S o u t h D a k o t a S t a t e 
Un i v ers i t y .  Co n s erv a t i o n t i l l a g e  p r a c t i c e s i nclud e d  b o t h 
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p r i ma r y  ( p r e - p l an t ) a nd s e c o n d a r y  ( p o s t - eme r g e n c e ) t i l l a g e  
t r e a tmen t s . S e v e r a l  r e d u c e d p r e s s u r e  s p r i nk l e r s we r e  a l s o 
u s ed i n  t h e  s t udy . 
On e o f  t h e  r e s e a r c h  g o a l s  wa s t o  o b t a i n  f i e l d  d a t a 
c on c e r n i ng t tie  f a t e o f  wa t e r i n p u t s  f o r  i r r i g a t e d  c o r n  i n  
c e n t r a l  S o u t h  D a k o t a .  O f  p a r t i cu l a r  i n t e r e s t  wa s d a i l y  
e v a p o t r a n s p i r a t i o n d e m a n d , b e c a u s e  i t  i s  a p r i m a r y  
p a r ame t e r u s e d i n  i r r i g a t i on s c h e d u l i ng p r o c ed u r e s . F i e l d  
e v a p o t r a n s p i r a t i o n d a t a  a r e l i m i t e d f o r  S o u t h  D a k o t a  
c o n d i t i o n s . A n o t h e r  r e s e a r c h  g o a l w a s  t o  u s e  t h e w a t e r  
d a t a s e t  a s  a b a s i s  f o r e c o n o m i c e v a l u a t i o n o f  t h e 
t i l l a g e / s p r i nk l e r c omb i n a t i on s  an d t o  d e t e r m i n e  f e a s i b l e  
man ag eme n t a l t e r n a t i v e s  f o r  i r r i g a t o r s . 
3 
OB.IBCTIYES. 
Ob j e c t i v es o f  t h i s  t h es i s  a r e : 
1 .  C o n d u c t  a w a t e r b a l a n c e a n a l y s i s  o f  t h e 
Ge t t ysb u r g  f i �l d  r es e a r c h  s i t e  a n d  s t a t i s t i c a l l y  a n a l yz e 
t h e  wa t e r b a l a n c e v a r i a b l es t o  id ent i f y d i f f e r e n e es am o n g  
p r i m a r y  t i l l a g e  p r a c t i c e s ,  s e c o n d a r y  t i l l a g e  p r a c t i c es 
and / o r  sp r i nk l e r s . 
2 .  De t e rm i n e a v e r ag e  d a i l y ev ap o t r ansp i r a t i o n f o r 
c o r n i n  c e n t r a l  S o u t h  D a k o t a  f r o m t h e  w a t e r  b a l a n c e 
a n a l ys i s . 
3 .  De v e l op a c omp u t e r mod e l t o  ass i s t  i n  t h e 
e c o n om i c a n a l ys i s  o f  i r r i g a t i o n sys t em a n d / o r  t i l l a g e 
p r a c t i c e mod i f i c a t i ons . 
4 .  Use t h e c omp u t e r m od e l t o  d e t e rm i ne e c on om i c 
d i f f e r e n c e s a m o n g  t h e  v a r i o us c o n s e r v a t i o n - t i l l a g e / ­
sp r i nk l e r d e v i c e c omb i n a t i ons . 
5 
On e t y p e  o f  p r i m a r y  t i l l ag e , . two t yp es o f  se c o nd a r y  
t i l l a g e  a n d  f o u r  s p r i n k l e r t y p e s w e r e  u s e d o n  t h e  
s p r i n k l e r a r e a . D i s k i n g w a s  t h e p r i m a r y  t i l l a g e 
o p e r a t i on .  Se c on d a r y  t i l l ag e  was p e r f o rmed  wh e n  t h e c r o p 
w a s i n  t h e  s i x  t o  e i g h t  l e a f  s t a g e  a n d  c o ns i s t e d o f  a 
sha l l ow c u l t i v a t i o n ( Co n t r o l ) o r  i n t e r - r ow t i l l ag e  ( I RT ) 
p l us a s h a l l ow c u l t i v a t i o n .  I RT w a s  us e d  t o  c r e a t e a 
v e r t i c a l  c h a nn e l  f o r i n f i l t r a t i on a n d  i nv o l v e d  o p e r a t i n g a 
r i p p e r  o r  p a r ab o l i c -sh a n k e d  i mp l eme n t  a t  a d e p t h  o f  2 5 0 t o  
3 0 0  mm b e t w e e n  c o r n r ows i mm e d i a t e l y  a f t e r  a s h a l l ow 
c u l t i v a t i o n .  Num e r ous s p r i n k l e r d e v i c es we r e  use d  d u r i n g 
t h e  s t u d y . F o u r  c hose n f o r a n a l y s i s i n  t h i s  t h es i s w e r e  
l ow a n g l e  i mp a c t a t  3 4 4  k P a  ( I - 3 4 4 ) ,  l ow a ng l e i mp ac t  a t  
1 7 2 kP a ( 1 - 1 7 2 ) ,  3 6 0  d e g r e e s p r a y n o z z l es w i tb  se r r a t ed , 
c o n c a v e  d ownwa r d  sp r ay p l a t es a t  1 0 3 k P a  ( S - 1 0 3 ) ,  a n d  3 6 0  
d e g r e e 
( D- 4 1 ) .  
i n v e r t e d s p r a y n o z z l es o n  d r o p t u b es a t  4 1  k P a  
Th ese a p p l i c a t i o n p ac k a g es p r ov i d ed a l a r g e  r a n g e 
o f  op e r a t i ng p r essu r e s ,  w e t t e d d i am e t e r s , d r op s i z es a n d  
a pp l i c a t i on i n t ens i t i es �  
T h r e e t y p es o f  p r i m a r y  t i l l a g e , t w o t y p e s o f  
s e c o n d a r y t i l l ag e  a nd a s i ng l e  sp r i nk l e r d e v i c e we r e  use d 
on t h e p r i ma r y  t i l l a g e  a r e a . P r i m a r y t i l l ag e  o p e r a t i ons 
w e r e  P l ow i n g , D i sk i n g a n d  T i l l - P l a n t i n g .  S e c o n d a r y  
t i l l a g e  c o n s i s t e d  o f  I RT a n d  Co n t r o l m e t h o d s . 1- 1 7 2  
sp r i nk l e r s we r e  use d  t o  i r r i g a t e t h e p r i ma r y  t i l l ag e  a r e a  
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f r om 1 9 8 2  t h r ou g h  1 9 8 5 . A 4 1  kP a s p r ay n oz z l e  ( S - 4 1 ) w a s 
u s ed i n  1 9 8 1. 
A l l p r i m a r y  t i l l a g e  w a s p e r f o r m e d  i n  t h e s p r i n g 
s i nc e  t h e  r e s e a r c h  s i t e w a s  w i n t e r  g r a z ed. P l an t i n g d a t e , 
p op u l a t i on a n d  f e r t i l i z e r  a n d  h e r b i c i d e a p p l i c a t i on we r e  
c on s i s t en t  f o r a l l p l o t s . Co r n  w a s  ·p l an t e d i n  l a t e  Ap r i l  
o r  e a r l y  M a y  a t  a r a t e  o f  7 5 , 3 6 0  t o  8 8 , 9 5 0 k e r n e l s /h a .  
Row w i d t h  wa s 0 . 9 1 m i n  1 9 8 1  a n d  1982 a n d  0 . 7 6  m f o r  t he 
r ema i nd e r o f  t h e  s t u dy . N i t r og e n  f e r t i l i z e r  w a s a p p l i e d 
a t  a r a t e  o f  3 0 0 k g / h a  f o r  a 1 2 , 5 5 0  k g / h a  y i e l d  g o a l . 
Ap p r o x i m a t l e y 8 5 %  o f  t h e  n i t r o g e n w a s a p p l i e d b e f o r e  
p l a n t i n g w i t h  t h e  r em a i n d e r  a p p l i e d l a t e r i n  t h e  s e a s o n 
t h r o u g h t h e  i r r i g a t i o n s y s t em .  F i f t y s i x L / h a o f  l i q u i d  
1 0 - 3 4 - 0  wa s u s ed i n  1 9 8 1  a n d  5 6  k g / h a  o f  d r y  1 8 - 4 6 - 0  wa s 
u s e d t h e r e m a i n i n g y e a r s a s  a s t a r t e r  f e r t i l i z e r . 
Com b i n a t i o n s  o f  L a s s o  a n d  A t r az i n e o r  B l ad ex a nd A t r az i n e 
we r e  u s e d f o r  w e e d  c on t r o l . 
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WATER BALARCE AKALYSIS 
IlfTRODUcriOJI· 
A wa t e r b a l a nc e i s  a d e t a i l ed s t a t eme n t  o f  t h e  l aw 
o f  c onse r v a t i on o f  m ass . Wa t e r d i s t r i b u t i on was a n a l y z e d  
us i ng :  
wh e r e 
I + P = R ± DP ± GS + ET ------------------- ------ { 1 ) 
I = i r r i g a t i on wa t e r  r e a c h i n g c r op c a n o p y  
P = p r e c i p i t a t i on 
R = r u n o f f  
DP = d e e p  p e r c o l a t i on 
GS = g r o u n d  s t o r a g e  {.p os i t i v e f o r  i nc r e ase s ; 
n eg a t i v e f o r  d e c r e as es ) 
ET = e v ap o t r ansp i r a t i on 
A l l v a r i ab l es h a v e  u n i t s  o f  d e p t h . 
Th e c r op c an o py was used as t h e  s t a r t i n g . p o i n t o f  
t h e  a n a l y s i s  b e c a u s e  c om p l e t e  me asu r em e n ts o f  sp r a y l oss 
a nd d e p t h  o f  wa t e r  l e a v i n g t h e  i r r i g a t i o n syst em we r e  n o t  
a v a i 1 ab 1 e • P 1 an t i n t e r c e p t i o n  wa s n o  t con s i d e r e d i n t h e 
a n a l ys i s . 
8 
LITERATURE REVIBW 
I n  o r d e r  t o  m a k e t h i s  l i te r a t ur e  r e v i ew m o r e 
p er t i n en t t o  t h e r e s e arc h proj e c t ,  o n l y  s t u d i e s c o n c er n i ng 
c or n  p r o d u c t i o n o n  s o i l s  a n d  g r o u n d  s l o p e s  s i m i l ar t o  
t h o s e  a t  t h e r e s e arc h s i t e w i l l  b e  rev i ewed . 
Rlln.Q!! 
Tw o m a i n  m e t h o d s ar e u s e d t o  m e a s u r e  r u n o f f  i n  
f i e l d  e x p e r i m e n t s .  T h e f i r s t  i n v o l v e s  c o l l e c t i n g a n d 
s t or i ng t h e  e n t i r e ru n o f f  v o l um e  f or m e a s u r em e n t . T h i s  
a p pro ac h  i s  o b v i o u s l y  l i m i t e d t o  sm a l l ru n o f f  v o l um e s . 
Th e s e c on d  me t h od me a s ur e s  ru n o f f  i n t e n s i t y a n d  re c ord s i t  
i n  t h e  f orm o f  a hydrogr a p h .  Th e l a t t er appro a c h  
_
re q u i r e s  
s om e w h a t  m or e  i n s t r um e n t -a t i o n b u t  a l l ows me a s ureme n t  o f  
l arg e ru n o f f v o l um e s a n d  p r o v i d e s  a rec ord o f  b o t h  run o f f 
i n t en s i t y v er s u s  t i me a n d  t o t a l  ru n o f f  v o l um e . 
Run o f f  d e p t h i s  d ep e nd an t u p o n  v ar i a b l e s  s u c h  a s  
c ro p p i n g p r a c t i c e , t i l l a g e  p r a c t i c e , s o i l t y p e ,  s ur f a c e 
rou g hn e s s , s o i l s l op e , a nd wa t er ap p l i c a t i on i n t e n s i t y a nd 
d ura t i on .  Th e ma j or i t y o f  r e s e arc h c i t ed i nv e s t i g a t e d t h e 
e f f e c t  o f  t i l l ag e  prac t i c e  a n d / or re s i du e  c o v er o n  ru n o f f 
d e p t h , wh i l e o n e  s t u d y  a n a l y z e d  t h e j o i n t e f f e c t  o f  
t i l l a g e  a n d s pr i nk l er t y p e . Ge n era l l y ,  d e cre a s ed amo u n t s  
o f  t i l l ag e  a n d / or i nc re a s e d r e s i d u e  c ov er re d u c e d  ru n o f f . 
A l s o , c o n t o u r  f a rm i n g  p r o d u c e d  l e s s  r u n o f f  t h a n 
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u p - a n d - d o w n  s l o p e  t i l l a g e . Sec o n d a r y  t i l l a g e  w a s  
p ar t i c u l ar l y  e f f ec t i v e i n  r e d u c i ng ru n o f f  i n  s o i l s  w i t h  a 
c r u s t i n g t e n d e n c y . A d e c r e a s e i n  s p r i n k l e r p r e s s u r e  
t e n d e d t o  i n c r e a s e  r u n o f f , w h i l e f o r t h e  s a m e  l o w 
o p er a t i n g p re s s ur e , i mp a c t  s p r i n k l er s  p r o d u c e d c o n s i d ­
era b l y  l e s s  run o f f t h a n  s pr ay n o z z l e s . 
M a n n er i n g e t  a l . ( 1 9 6 6 ) s t u d i e d t h e  e f f e c t o f  
v a r i o u s  t i l l a g e  p r a c t i c e s  o n  r u n o f f  u n d er s i m u l a t e d 
ra i n f a l l c on d i t i o n s . T h e t i l l a g e  p ra c t i c es c on s i s t e d o f  
c on v en t i on a l  t i l l ag e - c u l t i v a t i on ,  m i n i mum t i l l a g e - c u l t i ­
v a t i o n a n d m i n i mu m  t i l l a g e - n o  c u l t i v a t i o n .  Wa t e r w a s 
ap p l i e d f or 6 0  m i n a t  a ra t e  o f  6 6  mm/ h , f o l l owed t h e  n e x t  
d ay by two 3 0  m i n  ra i n s , s e p ar a t e d b y  1 5  m i n ,  a t  t h e  s am e  
i n t en s i t y .  Th e m i n i m um t i l l a g e - n o  c u l t i v a t i o n p r a c t i c e 
p r o d u c e d t h e m o s t r u n o f f  ( 6 7 % ) , f o l l owed by  c o n v e n t i on a l  
t i l l ag e - c u l t i v a t i o n ( 5 6 % ) a n d  m i n i mum t i l l ag e - c u l t i v a t i on 
( 4 0 % ) . Th e a u t h or s  c on c l u d e d  t h a t  c u l t i v a t i ng t o  d e s t r o y  
s ur f ac e cru s t s  w a s  v ery b e n e f i c i a l i n  re du c i n g run o f f . 
T h e e f f e c t  o f  t i l l a g e  p r a c t i c e s  o n  ru n o f f i n  
e a s t ern S ou t h  D ak o t a u nd er n a t ura l ra i n f a l l c o nd i t i o n s  wa s 
s t u d i e d b y  On s t a d ( 1 9 7 2 ) .  C o n v e n t i o n a l , m u l c h e d , 
t i l l - p l an t e d up a n d  d ow n  t h e  s l o p e , a n d  t i l l - p l a n t e d  on 
t h e  c o n t o ur were t h e t i l l a g e  pra c t i c e s s t u d i ed . Ra i n f a l l 
and  ru n o f f were me a s ur e d  f rom Apr i l  1 t o  Oc t ob er 3 1  d ur i n g  
t h e  s i x - y e ar s t u dy .  To t a l  r a i n f a l l v ar i e d from 3 2 4  t o  5 1 3  
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mm a n d a v e r a g e d 4 1 9 mm • F o r e v e r y y e a r o f t h e s t u d y , 
c on v e n t i on a l  t i l l ag e  p r od uc e d  t h e mo s t run o f f , f o l l owe d b y  
mu l c h , t i l l -p l an t  up a n d  d ow n  t h e  s l op e  a nd t i l l - p l a n t  o n  
t h e  c o n t o ur . A v e r a g e  r u n o f f  a m o u n t s  o v e r t he s i x - y e ar 
p e r i o d f o r t h e  a b o v e -m e n t i o n e d p r a c t i c e s we r e 5 0 , 2 9 , 2 4  
a n d  1 0  mm ,  re s p e c t i v e l y . 
Bak e r  e t  a l . ( 1 9 7 8 ) m e a s ured r u n o f f l o s s e s f or s i x 
t i l l a g e  s y s t em s  und e r  s i mu l a t ed r a i n f a l l c o n d i t i o n s . T h e 
t i l l a g e  p r a c t i c e s  p r o d u c e d re s i d u e  c ov e r s r a n g i ng f r om 4 
t o  6 3% .  S i mu l a t e d r a i n f a l l wa s ap p l i ed a s  · a 1 . 4 h r a i n  a t  
6 3 . 5  mm/ h i n  t h e a f t ern o o n , f o l l owed t h e  n ex t  mo r n i ng b y  a 
o n e h o u r  r a i n  a t  6 3 . 5  mm / h  a n d a 0 . 5 h r a i n  a t  1 2 7  mm/ h . 
To t a l  ru no f f wa s 1 6 8 mm u nd e r  4 %  c o v e r , 1 5 6  mm u n d er 2 1 % 
c o v e r  a n d  1 1 3  mm u n d er . b o t h  3 1  a n d 6 3 %  c ove r . T h e s e  
re s u l t s i n d i c a t e a n  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  r u n o f f 
d ep t h  a n d  p e r c e n t  r e s i d u e  c ov e r  u p  t o  app r ox i ma t e l y  3 0 % . 
T h e e f f e c t s  o f  r e s i d u e  w e i g h t  o n  ru n o f f l o s s e s  
u n d e r  s i mu l a t e d r a i n f a l l c o n d i t i o n s  wa s a n aly z e d  i n  a 
s e p a r a t e  s t u d y b y  B a k e r  e t  a t . ( 1 9 8 2 ) .  R e s i d u e  amo u n t s  
v a r i e d . f r om z e r o t o  1 5 0 0 k g / h a  a n d  wa t e r wa s a p p l i e d a t  a 
r a t e o f  6 3 . 5  mm/ h f or a t wo - h o u r p er i od .  To t a l  r u n o f f wa s 
6 2 . 8  mm f o r n o  r e s i d u e , 5 1 . 9  mm f o r  3 7 5 k g / h a  o f  r e s i d u e , 
4 3 . 5  mm f o r  7 5 0  k g / h a  o f  r e s i d u e  a n d  1 7 . 8  mm f o r  1 5 0 0  
k g / h a o f  r e s i d u e ,  s h ow i n g  a n  i nv e r s e  r e l a t i on s h i p  b e t w e e n  
re s i d u e  ma s s  and  ru n o f f d e p t h . 
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M c G r e g o r a n d  Gr e er ( 1 9 8 2 ). m e a s u r e d run o f f f o r 
c on v e n t i on a l , r e duc e d  a n d  n o - t i l l  t i l l ag e  pra c t i c e s  u nd e r  
n a t ur a l r a i n f a l l c o n d i t i o n s  i n  M i s s i s s i p p i . R a i n f a l l 
a v e r a g e d  1 2 3 9  mm f or t h e  t h r e e -y e a r  s t u dy . C on v e n t i on a l  
t i l l a g e  p r o d u c e d  t h e  m o s t r u n o f f  ( 3 0 % ) , f o l l ow e d  b y  
n o - t i l l ( 2 6 . 5 % )  and  red u c e d t i l l ag e  ( 1 6 . 7 % ) . 
G i l l ey e t  a l . ( 1 9 8 6 ) m e a s u r e d r u n o f f f r om v a r i o u s  
s p r i n k l er / t i l l a g e  c om b i n a t i o n s  i n  a f o u r - y e a r N e b r a s k a  
s t ud y .  Th e s pr i n k l e r d e v i c e s  c o n s i s t e d o f  h i g h - p r e s s u r e  
( 4 1 0  k P a ) i mp a c t ,  l o w - p r e s s u r e  ( 1 4 0  k P a ) i m p a c t  a n d  
l ow-pre s s ure ( 1 4 0  kP a )  s pr ay n o z z l e s . Th e t i l l ag e  s y s t em s  
s t u d i e d w e r e  t i l l - p l a n t  ( s h r e d  s t a l k s  i n  s p r i n g ,  p l a n t , 
c u l t i v a t e ) ,  d i s k ( t a nd em d i s k t w i c e ,  p l a n t , cu l t i v a t e ) a nd 
c h i s e l ( t i l l - p l a n t  p l � s  c h i s e l t r e a t m e n t a f t e r  
c u l t i v a t i o n ) .  W a t e r  w a s a p p l i e d w i t h  a c e n t e r - p i v o t  
i r r i g a t i o n s y s t em a t  a n  a v e r a g e  d e p t h  o f  3 6 . 2 , 3 4 . 8  a n d 
3 5 . 6  mm f o r  t h e  h i g h - pr e s s u r e i mp a c t , l ow- pre s s ur� i mp a c t  
and  l ow - p r e s s u r e  s p r a y n o z z l e s , r e s p e c t i v e l y .  F o r  t h e 
f o ur - y e a r  s t u d y , h i g h - p r e s s ur e  i mp ac t  s p r i nk l e r s  h ad t h e  
l e a s t ru n o f f ( 0 . 7 % ) , . f o l l o w e d  b y  l o w - p r e s s u r e i m p a c t 
( 0 . 9 % )  a n d  l ow-pr e s s u r e s p r a y ( 4  . 9 96 ) . A l s o , t h e  c h i s e l  
t i l l a g e  s y s t em p r o d u c ed t h e l owe s t av e r a g e  r u n o f f ( 0 . 3 % ) , 
f o l l owed by t i l l - p l a n t  ( 2 . 6 96) . a n d  d i s k ( 3 . 6 % ) . 
Ru n o f f u n d e r  c o n v e n t i o n a l  t i l l a g e  p r a c t i c e s f o r 
v a r y i ng a p p l i c a t i o n d e p t h s  i n  Co l o r a d o  w a s a n a l y z e d  b y  
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K i n c a i �  e t  a l . ( 1 9 7 9 ) .  A c en t er piv o t i rr i g a t i o n s y s t em 
ap p l i e d 7 1 5 , 7 7 0  a n d  8 6 0 mm o f  w a t er ,  e q u a l i n g 1 0 0 , 1 0 5 
a n d  1 1 5 %  o f  the  c a l cu l a t e d e v ap o t ra n s p i ra t i on r e qu i r em e n t .  
N o  i n f orma t i o n wa s g i v e n  c o nc ern i ng a p p l i c a t i o n i n t e n s i t y 
o r  a p p l i c a t i o n d e p t h  p er i rr i g a t i on .  Ru n o f f  l o s s e s were 
l e s s  t h a n  t hre e p er c e n t  f o r t h e  t hr e e a p p l i c a t i o n d e p t h s  
s t u d i e d . 
���-f����l�1i�n 
De ep p erc o l a t i on i s  d ownward wa t er f l ow acro s s t h e  
l ower b o u n d ary o f  t h e  r o o t  z o n e , p r o d u c i n g i n e f f i c i e n t  
a p p l i c a t i o n a n d  s u b s e q u e n t  p u m p i n g c o s t i n c r e a s e s . 
D ownward f l ow may b e  n e c e s s ar y ,  h owe v er , i f  s a l t l e a c h i ng  
i s  re qu i re d . Upward f l ow from s h a l l ow wa t er t a b l e s i s  a l s o  
p o s s i b l e a n d  i s  o b v i o u s l y· b e n e f i c i a l t o  a n i rr i g a t o r 
b e c au s e  o f  t h e  a s s o c i a t e d re d u c t i o n i n  p ump i ng c o s t s . 
T h e m o s t d i r e c t m e t h o d  o f  d e t erm i n i n g p erc o l a t i o n 
i s  me a s uremen t o f  f l ow f rom dra i n  l i n e s  when a wa t er t ab l e  
i s  pre s e n t . Th e s i mp l i c i t y o f  t h i s  ap pro a ch i s  c ou n t ered 
by  t h e  c o s t o f  dr a i n  l i n e  i n s t a l l a t i o n a n d  f r e q u e n t 
a b s e n c e o f  a w a t er t a b l e .  A c omm o n  appro a c h  i s  in_£i1Y· 
f l u x me a s ureme n t  u s i n g t e n s i om e t e r s  a t  d i f f ere n t  d e p t h s . 
S o i l wa t er f l u x  i s  o b t a i n e d  a s  t h e  p ro d u c t o f  p o t e n t i a l 
g r a d i e n t , m e a s u r e d  b y  t he t e n s i o m e t e r s , a n d  t h e 
u n s a t u r a t e d h y d r a u l i c c o n d u c t i v i t y o f  t h e  s o i l . A 
drawb a c k  o f  t h i s  t e c h n i q u e  i s  t h a t  a c c ura t e d e t erm i n a t i o n 
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o f  u n s a t ur a t e d h y d r a u l i c c o n d u c t i � i t y  a s  a f u n c t i on o f  
w a t er c o n t e n t  o r  p r e s s u r e  h e a d  i s  v e r y  d i f f i c u l t t o  
ob t a i n .  D e ep p erc o l a t i o n i s  o f t e n me a s ured u s i n g a w a t er 
b a l a n c e a p p ro a c h  w h er e  p er c o l a t i o n e q u a l s t o t a l  i n p u t s  
m i n u s  ru n o f f a nd e v ap o t r a n s p i r a t i o n .  Th i s me t h od i s  v ery 
s i m p · l e  b u t t h e  c h a n g e  i n  g r o u n d  s t o r a g e i s  s e l d om 
c o n s i d e r e d  a n d  m e a s u r e m e n t  e rr or s  o f  t h e  o t h e r w a t e r 
b a l a n c e  c om p o n e n t s m ay m a s k  t h e m a g n i t u d e  o f  t h e  d e e p 
p erc o l a t i on v ar i ab l e . 
Grou ndwa t er mov em e n t i n  t h e u n s a t ura t e d z o n e  i s  a 
c o m p l e x p r o c e s s  d e p e n d e n t  u p o n  m a n y  s o i l  p ar am e t e r s . 
D i f f i c u l t i e s i n  d e t erm i n i n g t he s e p arame t er s  and re l a t i ng 
t h em t o  gro u n dwa t e r f l ow h a v e  h i n d er e d  a c c u ra t e f i e l d  
me a s uremen t o f  d e e p  p erc o l at i o n . An i mp or t an t  var i a b l e  i n  
d e t erm i n i n g d e e p p er c o l a t i o n i s  t h e  s o i l d ep t h a t  wh i c h 
wa t er i s  a s s umed t o  b e  l o s t  t o  t h e crop . S o i l  prop er t i e s 
a n d  crop t y p e are i mp or t a n t  v ar i a b l e s  i n  d e t erm i n i n g t h i s  
d e p t h . Qu i t e fre qu e n t l y t h e  d e p t h  a t  wh i c h d e ep dra i n a g e  
i s  a s s umed t o  o c c u r i s  a rb i t r ar i l y  c h o s e n a s  t he l ow e s t 
d ep t h  at wh i c h s o i l wa t er c on t e n t s  are m e a s ured . Re s e arc h 
s t u d i e s o f  d e e p p e r c o l a t i o n u n d e r i r r i g a t e d c o r n  
pro d u c t i on are qu i t e l i m i t e d a n d  v ery s i t e s p e c i f i c .  D e e p  
.p erc o l a t i o n w a s  1 . 0 a nd 1 2 % i n  t h e  two s t u d i e s c i t e d .  
K i n c a i d  e t  a l . ( 1 9 7 9 ) m e a s ured l e a c h i ng frac t i o n 
( d e e p p er c o l a t i o n d i v i d e d  b y  i rr i g a t i o n d e p t h) u n d e r 
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v a r y i n g a p p l i c a t i o n d e p t h s ( 1 0 0 , 1 0 5  a n d  1 1 5 %  o f 
c a .l c u l a t e d e v a p o t r a n s pir a t i o n r e q u i r em e n t ) u s i ng v a c u um 
ex t r a c t o r s  a t  1 . 0 7  m d e p t h s . Th e a n a l y sis p e riod wa s f r om 
M a y  4 t o  O c t o b e r  6 a n d  t h e  t o t a l  a p p l i c a t i o n  d e p t h s  
c o r r e sp o nding t o  t h e  a b ov e -m e n tion ed amo u n t s  were 7 1 5 , 7 7 0  
and 8 6 0  mm , re s p e c tiv e l y .  Le a c hin g frac tion v ar i ed f r om a 
l ow o f  0 . 0 1  f o r t he 1 0 0 %  a p p l ic a t i on t o  a max i mum o f  0.05 
f o r  t h e 1 1 5 % a p p l i c a t i o n  d e p t h . T h e s o i l ' s  v o l um e t ric 
wa t e r  c a p a cit y wa s 2 6 % .  
H a n n a e t  a l . ( 1 9 8 3 ) e s t im a t e d  d e e p  p er c o l a t i o n  
u sing a wa t er b a l a n c e e q u a t i on f or gro u n d s l o p e s  o f  t w o  
and  f ou r  p erc en t  in a N e bra s k a  s t udy . Wa t er i np u t , r u n o f f 
a n d  s o i l  m o i s t u r e  d i f f e r e n c e w e r e  m e a s u r e d·, a n d 
e v a p o t r a n s p ir a t i o n w a s c a l c u l a t e d u s i n g m e a n d a i l y 
t emp e r a t u r e s . To t a l  wa t e r i n p u t o f  6 10 mm from J u n e  1 6  t o  
S e p t emb e r  4 re s u l t ed in d e e p  p er c o l a t i o n  o f  7 3  mm ( 1 2 % ) 
u nd e r  two p erc e n t  s l o p e s  a nd 4 0  mm ( 7% )  u nd er f o ur perc e n t 
s l o p e s . D e e p  d r ain a g e  w a s  c o n s i d er e d t o  b e  a n y wa t e r 
mov eme n t  b e l ow t he 1 . 3 7  m d e p t h . 
�QYng_S12���� 
Gro u n d  s t o r a g e  i s  t h e  d i f f e r e n c e  i n  r o o t  z on e  
mois t u r e  c ont en t  o v e r  a p ar t i c u l ar t i m e  p er i o d .  Gr o u n d  
s t o r a g e  i s  a s ig n i f ic a n t  a n d  d y n amic c omp on en t  o f  t h e  
wa t e r b a l a n c e f or a re l a t i v e l y  s h or t  p er i od o f  t i me , s u c h  
a s  a d ay o r  a we e k . Wh e n  a n  en t ir e  i rr i g a t i o n s e a s o n  i s  
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c o n s i d e r e d , h ow e v e r , g r o u n d s t o r a g e  i s  u s u a l l y  a s s um e d 
n e g l i g i b l e. T h i s  a s s u m p t i o n c a n l e a d  t o  s i g n i f i c a n t 
e r r o r s i n  s om e  s i t ua t i on s . 
Gr ound s t o r a g e  c a n b e  o b t a i n e d  d i r e c t l y u s i n g a 
n e u t r o n  p r o b e  t o me a s u r e m o i s t u r e c on_ t e n  t • An o t h e  r c ommo n 
p r oc ed u r e  i s  t o  mea s u r e  ma t r i c  p o t e n t i a l w i t h  t en s i om e t e r s  
a n d  d e t e r m i n e  m o i s t u r e  c o n t e n t f r om t h e  s o i l  m o i s t u r e  
r e l e a s e c u r v e . 
G r o u n d  s t o r a g e  s t u d i e s a r e  v e r y  s i t e - s p e c i f i c 
b e c a u s e t h e  amoun t o f  wa t e r h e l d  i n  t h e  s o i l  i s  d e p e n d e n t  
u p o n s o i l t e x t u r e  a nd p o r o s i t y .  Th e d e p t h  o f  t h e a s s um e d  
p r o f i l e  i s  i mp o r t a n t  a n d d e p e n d a n t u p o n  t h e  t y p e o f  c r o p  
u nd e r  c on s i d e r a t i on .  An o t h e r  k ey f a c t o r i s  t h e  am oun t o f  
wa t e r a v a i l a b l e  f o r c r o p u s e .  D u e t o  t h e  i mp o r t a nc e  o f  
a v a i l a b l e  w a t e r , o n l y  s t u d i e s u n d e r  i r r i g a t e d o r  
we l l -wa t � r e d  c o nd i t i o n s  we r e  c on s i d e r ed i n  t h i s  l i t e r a t u r e 
r e v i e w .  M o s t  s t u d i e s i n v e s t i g a t e d  t h e  e f f e c t o f  
a pp l i c a t i o n f r eq u e n cy a n d / o r  d e p t h  o n  s o i l  mo i s t u r e ,  wh i l e  
o n e  s t u d y  a n a l y z e d  t h e e f f e c t  o f  g r o u n d  s l o p e . N o  
s i g n i f i c a n t g r o u n d  s t o r a g e  d i f f e r e n c e s  w� r e p r od u c e d  by 
v a r y i n g a p p l i c a t i o n f r e q u e n c y , a p p l i c a t i o n d e p t h  p e r  
i r r i g a t i o n o r  g r o u n d s l o p e . To t a l  a p p l i c a t i o n d e p t h s  o f  
l e s s  t h a n t h e c a l c u l a t e d c r o p n e e d h a d a mu c h  l a r g e r  
e f f e c t  on  s o i l mo i s t u r e  t h a n  d i d  d e p t h s  i n  ex c e s s o f  c r o p 
n e e d . 
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F i s c h b a c h  a n d Som erh a l d er ( 1 9 7 4 )  i n v e s t i g a t e d  t h e 
e f f ec t  o f  ap p l i c a t i on fre qu e n c y  a n d  d ep t h  on  s o i l mo i s t u r e  
c on t e n t . Tw o  a p p l i c a t i on f re q u e n c i e s ( 3 . 5  a nd 7 . 0  d ay s ) 
and f ou r  ap p l i c a t i on d e p t h s  ( 3 3 ,  5 0 , 7 5  a n d  1 0 0 % o f  t h e 
c a l c u l a t e d p e ak d a i l y u s e  r a t e )  were s t u d i ed .  Th e 0 - 1 . 5  m 
s o i l p r o f i l e w a s a t  f i e l d  c a p a c i t y o n  J u n e  1 4  a n d  w a s 
mon i t ored u n t i l  S e p t emb er 2 0 . R a i n f a l l d ur i ng t h i s  p er i od 
e qu a l ed 2 4 0 mm a n d  t o t a l  w a t er i n p u t v ar i e d f rom 3 9 6 to 
6 0 2  mm . Th e d i f f er e n t  a p p l i c a t i o n f re q u e n c i e s h a d n o  
s i g n i f i c a n t e f f e c t o n  s o i l mo i s t u r e  c o n t e n t , w h i l e  
d e c r e a s i n g a p p l i c a t i o n d e p t h  i n c r e a s e d s o i l w a t e r  
e x t r a c t i o n .  T h e d e p t h  o f  w a t e r  e x t r a c t i o n o v e r t h e  
a n a l y s i s  p er i od f or t h e v ar i o u s  a p p l i c a t i o n ra t e s wa s : 0 
mm ( 1 0 0 % r a t e ) ; 1 3 mm ( 7 5 % · r ·a t e ) ; 4 4 mm ( 5 0 % r a t  e ) ; a n d  
1 7 8  mm ( 3 3 %  ra t e ) .  
DeB o er e t  a l . ( 1 9 7 7 ) ,  i n  a t hre e - y e ar S o u th D ak o t a  
s t u d y , a n a l y z e d  t h e  s o i l  mo i s t u r e  c h a n g e i n  a 0 . 9 m 
p r o f i l e u n d er v ary i n g a p p l i c a t i o n d e p t h s  ( 2 5 ,  5 0  a n d  7 5  
mm )  p er i rr i g a t i o n .  T h e a v e r a g e  p er i o d  o f  a n a l y s i s  wa s 
f r om J u l ·y 7 t o  Au g u s t  3 1 , a n d  t h e a v er a g e  t o t a l w a t e r  
i n p u t d ur i n g t h i s  p er i o d wa s 2 8 6  mrn . N o  s i g n i f i c an t s o i l  
m oi s t u r e  d i f f e r e n c e  w a s f o u n d  a m o n g t h e  a p p l i c a t i o n 
d e p t h s . T h e o v e r a l l  a v e r a g e  m o i s t u r e  c h a n g e  w a s a 
d ep l e t i on o f  1 2  mm . 
K i n c a i d  e t  a l . ( 1 9 7 9 ) s t u d i e d t h e e f f e c t  o f  t o t a l  
1 7  
a p p l i c a t i o n d e p t h  o n  s o i l w a t e r c. o n t e n t  i n  C o l o r a d o . 
Ap p l i c a t i on d e p t h s  o f  1 0 0 , 1 0 5  a n d  1 1 5 %  o f  t h e  c a l c u l a t e d 
e v a p o t r a n s p i r a t i o n r e qu i r em e n t we r e  ap p l i e d f r om M a y  4 t o  
Oc t o b e r  6 w i t h  a c e n t e r p i v o t  i r r i g a t i o n s y s t em .  T h e  
d ep t h s  a s s o c i a t
.
ed  w i t h  t h e s e  p e r c e n t ag e s  we r e  7 1 5  mm , 7 7 0  
mm a n d 8 6 0  mm , r e s p e c t i v e l y .  A
. 
p o s i t i v e  s o i l m o i s t u r e  
c h a n g e  o f  o n e  p e r c e n t b y  v o l um e  wa s f o u n d f o r t h e 1 0 0 a nd 
1 0 5 %  a p p l i c a t i o n r a t e s , w h i l e  a p o s i t i v e c h a n g e  o f  t w o  
p e r c en t wa s f o u n d  f o r t h e 1 1 5 %  r a t e . Th e v o l ume t r i c  wa t e r 
c a p a c i t y o f  t h e  s o i l w a s 2 6 %  a n d  w a t e r c o n t e n t  w a s 
an a l y z e d  t o  a d e p t h  o f  1 . 2 m .  
Ha n n a  e t  a l . ( 1 9 8 3 ) a n a l y z e d  t h e e f f e c t  o f  g r o u nd 
• l o p e  o n  s o i l  m o i s t u r e  c o n t e n t  u n d e r  a c e n t e r  p i v o t  
i r r i g a t i on s y s t em i n  N e b r a s k a . Th e p e r i od o f  a n a l y s i s  w a s  
f r om J u n e  1 6  t o  S e p t em b e r  4 ,  a n d t h e t o t a l  wa t e r i n p u t 
d u r i ng t h a t  t i me wa s 6 1 0  mm . Mo i s t u r e  l o s s  i n  t h e  0 - 1 . 3 7  
-
m p r o f i l e w a s  f o u r  m i l l i me t e r s f o r a two p e r c e n t s l op e  a nd 
t h r e e m i l l i m e t e r s  f o r a f o u r  p e r c e n t  s l o p e . T h e s o i l  
m o i s t u r e  c o n t e n t d i d  n o t s e em t o  b e  a f f e c t e d b y  s l op e , 
s i nc e  s l op e  i nc r e a s e d r u n o f f  a n d  r e d u c e d i n t e r n a l  d r a i n a g e  
a t  a p p r ox i ma t e l y  t h e  s am e  r a t e . 
E v a p o t r a n s p i r a t i o n ( E T )  i s  c o m p r i s e d o f  
e v a p o r a t i o n f r o m s o i l a n d  p l a n t  s u r f a c e s  p l us 
t r an s p i r a t i o n t h r ou g h  p l an t  t i s s u e s . Th e s e v a r i ab l e s a r e  
1 8  
u s u a l l y  c o n s i d e r e d t o g e t h e r  b e c a us e  e v a p o r a t i o n a n d  
t r a n s p i r a t i o n a r e d i f f i c u l t  t o  s e p a r a t e u n d e r  f i e l d  
c on d i t i on s . 
D i r e c t  m e a s u r em e n t o f  ET i s  n o rma l l y  a c c omp l i s h e d  
w i t h  w e i g h i n g l y s i m e t e r s .  Ly s i m e t e r s , h ow e v e r , c a n b e  
ex p en s i v e t o  i n s t a l l a n d  a r e n o r m a l l y l i m i t e d i n  s i z e . 
C o n s e q u e n t l y ,  d i r e c t  f i e l d  m e a s u r eme n t  o f  ET i s  n o t  
c ommo n . Ev a p o t r a n s p i r a t i o n i s  o f t e n o b t a i n e d  i nd i r e c t l y  
u s i ng t h e  wa t e r b a l a n c e  e q u a t i o n a n d  f i e l d  m e a s u r em e n t s . 
S i nc e  a s s ump t i o n s  a r e c omm on l y  mad e  c o n c e r n i ng o n e  o r  mo r e  
e q u a t i o n v a r i a b l e , t h e  a c c u r a c y  o f  t h i s  a p p r o a c h  i s  
d ep e n d e n t u p o n t h e a c c u r a c y  o f  t h e  a s s ump t i o n s  a n d  t h e 
d a t a . 
E v a p o t r a n s p i r a t i o n i s  d e p e n d e n t  u p o n c l i m a t i c  
c o n d i t i o n s , g r o w t h s t a g e , w a t e r i n p u t , a n d  p l a n t  
p op u l a t i on .  As i n  t h e g r o u n d s t o r a g e  l i t e r a t u r e  r ev i ew ,  
o n l y  r e s e a r c h  u nd e r i r r i g a t e d o r  w e l l -wa t e r e d c o n d i t i o n s  
w i l l  b e  c i t ed . S i nc e  s t u d y  l oc a t i on s  and  du r a t i o n s  v a r i ed 
g r e a t l y ,  i t  i s  d i f f i c u l t t o  m a k e c o m p a r i s o n s  a m o n g  
s t u d i e s .  Howe v e r , t h e s t u d i e s s h ow e d t h a t . ev ap o t r an s p i ­
r a t i o n w a s  n o t a f f e c t e d b y  a p p l i c a t i o n d e p t h  p e r  
i r r i g a t i o n b u t w a s a f f e c t e d b y  p r i m a r y t i l l a g e . C o r n 
u nd e r  c o nv e n t i o n a l  t i l l ag e  t r a� s p i r e d m o r e t h an n o - t i l l ag e  
c o r n .  
S t ewa r t e t  al. ( 1 9 7 5 )  u s e d l y s i m e t e r s t o  m e a s u r e  
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c o r n ET d u r i n g a t wo -y e a r  s t u d y  i n  Ca l i f o r n i a .  Ev a p o t r a n ­
s p i r a t i o n d u r i n g a n  e n t i r e g r o w i n g s e a s o n u n d e r  
w e l l - w a t e r e d c o n d i t i o n s  a v e r a g e d  6 3 0 mm . Th e p l a n t  
p o p u l a t i on wa s 6 2 , 0 0 0  p l an t s/ h a . 
R o s e n t h a l  e t  a l . ( 1 9 7 7 )  u s e d a w a t e r b a l a n c e 
a p p r o a c h  t o  m e a s u r e  E T  f o r  i r r i g a t e d  c o r n  i n  K a n s a s . 
E v a p o t r an s p i r a t i on f r om May 1 t o  S e p t emb e r  2 3  av e r a g e d 6 2 0  
mm w i t h  d r a i n ag e  a s s um ed n e g l i g i b l e .  Co r n  wa s p l a n t ed a t  
a r a t e  o f  7 0 , 0 0 0  p l an t s/ h a . 
D e B o e r  e t  a l . ( 1 9 7 7 )  s t u d i e d t h e  e f f e c t s  o f  
ap p l i c a t i o n d e p t h  p e r  i r r i g a t i o n o n  e v a p o t r a n s p i r a t i o n 
d u r i n g a t h r e e - y e a r s t u d y i n  S o u t h  D a k o t a . A w a t e r 
b a l a n c e  e q u a t i o n w a s u s e d t o  m e a s u r e  E T  w i t h  d r a i n a g e  
a s s umed n eg l i g i b l e . T h e a v � r a g e  p e r i o d o f  a n aly s i s  w a s 
f r o m J u l y  7 t o  Au g u s t  3 1 , a n d  t h e  o v e r a l l a v e r a g e  
e v ap o t r a n s p i r a t i o n du r i n g t h i s  5 5 - d ay p e r i od wa s 3 0 0 mm .  
Ap p l i c a t i on d ep t h  p e r  i r r i g a t i on h ad n o  e f f e c t on ET . 
P h i l l i p s e t  a l . ( 1 9 8 0 ) c omp a r e d n o - t i l l a g e  a n d  
c o n v e n t i o n a l  t i l l a g e  f o r  c o r n  p r o d u c t i o n i n  K e n t u c k y . 
Ev a p o t r an s p i r a t i o n d u r i n g a f i v e  m o n t h  p er i od d u r i n g t h e 
g r ow i ng s e a s on wa s 4 3 3  mm o r  8 5  p e r c e n t  o f  wa t e r i n p u t  f o r 
c o nv e n t i on a l  t i l l ag e  a n d  3 4 8  mrn o r  6 8 . 5  p e r c e n t o f  i n p u t 
· f o r  n o - t i l l a g e . C o r n  t r a n sp i r e d a m i n i mum o f  5 0 0 k g  o f  
w a t e r  f o r e a c h  k i l o g r a m o f  d r y m a t t e r p r o d u c e d . T h e 
t e c h n i q u e  u s e d t o  me a s u r e  ET wa s n o t  s t a t e d . 
2 0  
S t e r n i t z k e  an d E l l i o t t  ( 1 9 8 6 )  me a s u red e v a p o t r a n ­
s p i r a t i o n f r om w e l l - w a t e r e d c o r n u s i n g a w a t e r b a l an c e 
appr o a c h . Re s e a r c h  wa s c o n d u c t e d i n  Ok l a h oma d u r i n g 1 9 8 4 
a n d  19 8 5 .  Da i l y ev a p o t r an s p i r a t i o n  i n  1 9 8 4 b e t w e e n  J u n e  
1 4  a n d  Au g u s t  2 6  a v e r a g e d 8 . 9 mm . Da i l y e v a p o t r an s p i ­
r a t i o n i n  1 9 8 5 av e r ag ed 6 . 8 mm b e t we e n  J u l y  1 2  a n d  Au g u s t  
2 9 . P l a n t i n g p o p u l a t i o n f o r  b o t h  y e a r s w a s 6 4 , 0 0 0  
p l an t s/ha . 
2 1  
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A l l w a t e r b a l a n c e  v a r i a b l e s w e r e  a n a lyz e d  f o r a 
p e r i od f r om c r o p c u l t i v a t i on o r  s e c o n d a r y  t i l l ag e  u n t i l  
l a t e  i n  t h e  g r ow i n g  s e a s o n ( T a b l e  1 ) .  I r r i g a t i o n a n d  
p r e c i p i t a t i o n o c c u r r e d p r i o r t o  t h e s t a r t i n g d a t e s , b u t 
i ns t a l l a t i on o f  d a t a c o l l e c t i o n e q u i p m e n t wa s i mp o s s i b l e  
d u e  t o  s e c ond a r y  t i l l ag e  r e q u i r em e n t s . 
Ta b l e  1 .  Pe r i o d o f  a n a l y s i s  f o r  wa t e r b a l a n c e . 
Ye a r  S t u d y  S t a r t i ng End i ng Numb e r  O f  
-----------------------0�1�-----------D�l�----------D���- -
1 9 8 1  
1 9 8 2  
1 9 8 3  
1 9 8 4 
1 98 5 
Av e .  
S p r i nk l e r 
T i l l ag e  
S p r i nk l e r 
T i 1 1  ag e 
Sp-r i nk 1 e r  
T i l l ag e  
S p r i nk l e r 
T i l l ag e  
S p r i nk l e r 
Ti l l ag e  
S p r i nk l e r 
T i l l ag e  
J u l y  6 
J u  1 y 6 -
J u n e  2 2  
J u n e  2 2  
J u n e  2 0  
J u n e  2 1  
J u n e  2 2  
J u n e  2 2  
J u n e  2 7  
J u n e  2 8  
J u n e  2 5  
J u n e  2 6  
Aug u s t 1 7  
Au gu s t  1 7  
Au g u s t 1 6  
Au gu s t  1 6  
Au gu s t  1 5  
Au g u s t 1 2  
Aug u s t  1 6  
Au g u s t 1 6  
Au gu s t  1 4  
Aug u s t 1 3  
Au g u s t  1 6  
Aug u s t  1 5  
4 3  
4 3  
5 6  
5 6  
5 7  
5 3  
5 6  
5 6  
4 9  
4 7  
5 3  
5 1 
-------------------- --------------------------------------
A l l w a t e r i n p u t s  w e r e  m e a s u r e d a n d  r e c o r d e d  
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m a n u a l l y  u s i ng on e qu a r t o i l c an s  ( 7 8 5 4  mm 2 a r e a ) i n  1 9 8 1  
a nd 1 9 8 2  a n d  r e c t an gu l a r  w e d g e - s h a p e d r a i ng ag e s  ( 3 6 5 4 mm 2 
a r e a )  i n  1 9 8 3 , 1 9 8 4  a nd 1 9 8 5 . O i l c a n s  o r  r a i n g a g e s  w e r e  
a t  a h e i g h t  o f  t w o  m e t e r s  o r  t h e  t o p o f  t h e  c a n o p y , 
w h i c h e v e r  w a s h i g h e r . T h e n u m b e r s  o f  o i l c a n s  o r  
r a i n g a g e s  u s e d p e r  p l o t f o r  t h e  v a r i o u s  y e a r s  w e r e: 
1 9 8 1 - 2 7 ; 1 9 8 2 - 5 ; 1 9 8 3 - 5 ; 1 9 8 4 - 5  a n d  1 9 8 5 - 5 . 
Run�!! 
I r r i g at i on r u n o f f wa s m e a s u r e d u s i n g c a l i b r a t e d HS 
f l um e s a nd S t e v e n s  s t ag e  r e c o r d e r s . Ru n o f f f r om a n  e n t i r e  
p l o t ( 6  r o w w i d t h s ) wa s d i r e c t ed t h r o u g h  a f l ume a n d  t h e  
r e s u l t i n g h y d r o g r a p h  wa s i n t e g r a t e d t o  d e t e r m i n e r un o f f 
d ep t h . 
P r e c i p i t a t i o n r u n o f f  e s t i m a t e s  we r e  b a s e d u p o n  
exp e r i me n t a l  r e s u l t s  a t  t h e  r e s e a r c h  s i t e ( M o s hr e f - J av a d i ,  
1 9 8 6 ) a n d  a_ s u b j e c t i v e  c omp a r i s o n t o  me a s u r e d i r r i g a t i on 
r un o f f .  On l y  t h r e e  s t o r m s  o v e r  t h e f i v e -y e a r  p e r i od we r e  
a s s u m e d  l a r g e  e n o u g h  t o  r e q u i r e r u n o f f e s t i m a t e s . 
S p e c i f i c d a t a  o n  p r e c i p i t a t i on e v e n t s  a nd t h e a s s o c i a t ed 
e s t i m a t e d r u n o f f  a r e l i s t e d i n  Ap p e nd i x  B .  
���-f���21�1i2n 
D e e p  p e r c o l a t i o n w a s m e a s u r e d u n d e r  s e l e c t e d 
s p� i nk l e r / t i l l a ge c omb i n a t i on s  d ur i n g  t w o  i r r i g a t i o n s  i n  
1 9 8 5 .  E l e v e n p a i r s o f  m e r c u r y  g a u g e  t e n s i om e t e r s  we r e  
i n s t a l l ed a t  1 . 2 0  a n d  1 . 5 0  m t o  m e a s u r e ma t r i c  p o t e n t i a l 
2 3  
g r ad i e n t s . Th e t e n s i om e t e r s  w e r e  l o c a t e d i n  M i c r od i k e  a nd 
Con t r o l  s p r i nk l e r  p l o t s  u nd e r  D - 4 1 a n d  1 - 1 7 2  a p p l i c a t i o n 
p a c k a g e s . M i c r od i k e  p l o t s c o n t a i n ed 2 0 0 -mm h i g h d i k e s a t  
t w o -m e t e r  s p a c i n g s  w h i c h e l i m i n a t e d r u n o ff .  I t  w a s 
b e l i ev ed t h e  c h o s e n  s p r i nk l e r / t i l l a g e  c omb i n a t i o n s  w o u l d  
p r ov i d e  t h e g r e a t e s t r an g e  o f  d e e p  p e r c o l a t i on c ond i t i on s . 
H o u r l y  m e a s u r e m e n t s , t a k e n a f t e r t w o  i r r i g a t i o n s  i n  
m i d -Au gu s t , we r e  us e d  t o  e s t i m a t e t h e  s e a s on a l  wa t e r  l o s s  
d u e  t o  d e e p  p e r c o l a t i on .  
De e p  p e r c o l a t i on r a t e  wa s c a l c u l a t e d u s i ng D a r c y ' s  
L aw f o r v e r t i c a l  f l ow ( S k ag g s  e t  a l . ,  1 9 8 3 ) :  
wh e r e  
V = ( -Ku * d h / d z ) - Ku - - - - - - - - - - - - - - - - - - - - - - - ( 2 )  
V = Da r c i an v e l o c i t y ;  mm/ h 
Ku = un s a t u r a t e d h y d r a u l i c  c o n du c t i v i ty ;  mrn/ h 
d h / d z = ma t r i c  p o t en t i a l g r ad i e n t ; mm/mm 
Un s a t u r a t e d hyd r a u l i c  c o n d u c t i v i t y w a s d e t e r m i n e d  us i n g 
t h e  emp i r i c a l  r e l a t i on s h i p s d ev e l o p e d  b y  B r o o k s and Co r e y 
( 1 9 6 4 ) : 
Ah -B 
K s  
Ku 
c 





( M-M r ) / ( Ms -M r )  ------------------�--------- ( 3 ) 
1i�12_!_l�!l_!_1Ms=M�l�_!_B� --------------(4) 
( A ) 2 / B * ( l +B ) * ( 2 +B ) 
. 
Ks * [ ( M-M r ) / ( M s -M r )]
c -------------------- ( 5 ) 
( 2 + 3B ) /B - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 6 ) 
A = r e g r e s s i on c on s t an t  
h = ma t r i c  p o t e n t i a l; nrnn 
B = r eg r e s s i on c on s t an t  
�� = mo i s t u r e  c on t e n t ; mm3/mm3 
Mr = r e s i d u a l  mo i s t u r e  c o n t e n t ;  mm3;mm3 
Ms = s a t u r a t i on mo i s t u r e  c on t en t ; mm3;mm3 
Ks = s a t u r a t e d hyd r au l i c  c o n d u c t i v i t y; mm/ h 
Ku = u n s a t u r a t e d hy d r a u l i c  c ond u c t i v i t y; mm/ h 
C = r e g r e s s i o n c o n s t a n t  
24 
M o i s t u r e  r e l e a s e  c u r v e  a n d s a t u r a t i o n m o i s t u r e  
con t e n t  d a t a  w e r e  c o l l e c t e d f o r  t h e 1.30-1.40 m s o i l  
p r o f i l e ( K o h l , 1985). T h e s e d a t a  w e r e  s u b s t i t u t ed i n t o  
Eq u a t i on 3 a nd a l i n e a r  r e g r e s s i o n w a s u s e d t o  d e t e rmin e  
t h e  r eg r e s s i on c on s t an t s M r , A a n d  B .  Sa t u r a t e d h y d r au l i c  
c o n d u c t i v i t y ( K s ) w a s c a l c u l a t e d u s i n g Eq u a t i o n 4. 
E q u a t i o n s  5 a n d  6 w e r e  u s e d t o  d e t e r m i n e u n s a t u r a t e d 
h y d r a u l i c  c o n d u c t i v i t y ( K u ) f o r  Eq u a t i o n 2. M o i s t u r e  
c on t en t  a t  a l oc a t i on wa s d e t e rm i n ed u s i n g Eq u a t i o n 3 a n d  
t h e  a v e r a g e  of t h e  ma t r i c  p o t e n t i a l v a l u e s  a t  1.20 a nd 
1.50 m. 
An e s t i m a t e o f  t h e  s e a s o n a l  l o s s  d u e  t o  d e e p  
d r a i n a g e  wa s ob t a i n e d  by a s s um i n g t h a t  t h e  av e r ag e  D a r c i a n 
v el oc i t y wa s c o n s t an t  ov e r  an  e n t - i r e i r r i g a t i on s e a s on (52 
d a y s ) .  S i n c e  m e a s u r e m e n t s  w e r e  t a k e n  w h e n  d e e p  
p e r c o l a t i o n w o u l d  b e  t h e g r e a t e s t ( af t e r  i r r i g a t i on s ) , 
2 5  
t h i s  ap p r o a c h  p r o d u c e d c o n s e r v a t i v e  v a l ue s  wh i c h s hou l d  b e  
h i g h e r  t h a n  a c t u a l  v a l u e s . 
0J:2llD�-S.12IJl�� 
Gr o u nd s t o r ag e  w a s d e t e r m i n e d b y  c a l c u l a t i ng t h e  
v o l um e t r i c  wa t e r  c on t e n t  d i f f e r e n c e b e t we e n  t h e  b e g i n n i n g 
a n d e n d o f  a n  a n a l y s i s  p e r i od .  A n eu t r on p r o b e  wa s u s ed 
t o  d e t e rm i n e v o l um e t r i c  w a t e r c o n t e n t . Ne u t r o n  r e ad i n g s  
we r e  t ak e n a t  1 5 0 mm i n c r em e n t s  t o  a d e p t h  o f  1 . 2 0 m a t  
t h e  c e n t e r  o f  e a c h  p l o t . R e a d i n g s  w e r e  e q u a t e d  t o  
v o l u m e t r i c w a t e r c o n t e n t  u s i n g a c a l i b r a t i o n c u r v e 
d ev e l op e d  f r om c o n t r o l l e d f i e l d  c o nd i t i o n s . 
�A�21��n��i��1i2n 
E v a p o t r a n s p i r a t i o n w a s t h e  o n l y  v a r i a b l e  no t 
m e a s u r e d a n d  w a s c a l c u l a t e d u s i n g t h e  wa t e r b� l a n c e 
e q u a ti o n . V a l u e s  o f  t o t a l  a n d  a v e r a g e  d a i l y  
e v a p o t r an s p i r a t i on we r e  d e t e rm i n ed . 
�Ali�1i��l-An�l��i� 
Da t a  we r e  e v a l ua t ed u s i ng l e a s t - s q u a r e s  a na l y s i s  
o f  v a r i a n c e ( S t e e l a n d  T e r r i e ,  1 9 8 0 ) w i t h  t h e  a s s i s t a n c e 
0 f D r  • w i 1 1  i am Tu c k e r  ' p r 0 f . e s s 0 r I E X  p e r  i men t s t a t i 0 n s t a t  -
i s t i c i a n ,  S o u t h  Dak o t a S t a t e Un i v e r s i t y .  T h e s p r i n k l e r 
s t u d y a n d  p r i ma r y t i l l a g e  s t u d y  we r e  ana l y z e d s ep a r a t e l y .  
De p e nd en t v a r iab l e s we r e  t o ta l i np u t , t o ta l r u n o f f ,  g r o u n d  
s t o r a g e , t o t al e v a p o t r a n s p i r a t i o n a n d a v e r a g e  d a i l y 
ev a p o t r an s p i r a t i on .  P r i ma r y  t i l l a g e , s e c o n da r y  t i l l a g e , 
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s p r i n k l e r t y p e  a n d  y e a r  w e r e  t h e  i n d e p e n d e n t v a r i a b l e s 
c o n s i d e r e d . Da t a  f r o m t h e  f i r s t  y e a r  o f  t h e  p r i m a r y  
t i l l a g e  s t u d y  w e r e  o m i t t e d  f r om a n a l y s i s  s i n c e  t h e  
s p r i n k l e r ( S- 4 1 ) wa s n o t  c o n s i s t en t  w i t h  t h e  r em a i nd e r  o f  
t h e  s t u d y .  S t a t i s t i c a l  s i g n i f i c a n c e  was a s s um e d  t o  o c c u r  
a t  t h e  f i v e p e r c e n t  l ev e l . 
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RESULTS AND DISCUSSIOK 
Th e r e s u l t s and  d i s c u s s i o n s e c t i o n w i l l  c on s i s t o f  
t h r e e m a i n  p a r t s . T h e f i r s t  w i l l  p r e s e n t  a n  a n a l y s i s  o f  
t h e d e e p p e r c o l a t i o n v a r i a b l e o f  t h e w a t e r b a l a n c e  
e qu a t i on .  Th i s  v a r i ab l e  i s  c on s i d e r e d f i r� t  s i n c e  i t  w a s 
f o u n d  t o  b e- n e g l i g i b l e a n d  w a s c o n s e q u e n tly e l i m i n a t ed 
f r om f u r t h e r  a n a l y s i s . T h e s e c o n d  p a r t w i l l  l i s t ov e r a l l 
v a l u e s , i n  t e rm s  o f  d e p t h  a n d  p e r c e n t o f  t o t a l  i n p u t s , f o r  
t h e  wa t e r  b a l a n c e  v a r i a b l e s . T h e f i n a l  p a r t w i l l  p r e s e n t  
a s t a t i s t i c a l  a n a l y s i s  o f  i n d i v i d u a l w a t e r b a l a n c e  
v a r i a b l e s t o  i d e n t i f y d i f f e r e n c e s  am o n g  p r i m a r y  t i l l ag e  
p r a c t i c e s , s e c o nd a r y  t i l l a g e  p r a c t i c e s  a n d / o r  s p r i n k l e r 
t y p e s . 
���-f���21�1i2n 
De e p  p e r c o l a t i on d u r i ng a p r o j e c t ed 5 2 - d ay p e r i od 
o c c u r r ed o n l y  u nd e r  t h e  D i k e s /D - 4 1 c omb i n a t i o n f o r  t h e  two 
i r r i g a t i on e v e n t s mon i t o r e d ( Ta b l e  2 ) .  Th e Da r c i an v e l oc ­
i t i e s p r o d u c ed b y  t h e  o t h e r  t i l l a g e / s p r i nk l e r c omb i n a t i on s  
we r e  t o o smal l t o  a c c ou n t f o r e v e n o n e m i l l i me t e r o f  d e e p 
p e r c o l a t i on o v e r  t h e  a s s ume d p e r i o d .  De e p  p e r c o l a t i on f o r 
t h e  D i k e s / D - 4 1 c o m b i n a t i o n r a n g e d  f r o m o n e t o  t e n 
m i l .l i m e t e r s  a n d  a v e r a g e d f o u r  m i l l i m e t e r s . S i n c e  t h e s e  
v a l u e s  we r e  sma l l c omp a r e d t o  t h e m a g n i t u d e o f  t h e  o t h e r  
wa t e r b a l anc e v a r i a b l e s , a n d  s i n c e  t h e  c a l c u l a t i on 
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Tab l e  2 .  Av e r ag e  s o i l  wa t e r D a r c i a n v e l oc i t i e s a nd d e ep 
p e r c o l a t i on d u r i n g p r oj e c t ed ( 5 2-d ay ) a n a l y s i s  
p e r i od f o r t h e  two mon i t o r ed i r r i g a t i on e v e n t s .  
S e c o nd a r y  S p r i nk l e r L oc a t i o n Da r c i a n De e p 
T i l l ag e  Ty p e  I n  P l o t a Ve l oc i t y
� 
P e r c o l a t i on 
--------------------------------1mmlh_!_lll l _____ imml ___ _ 
lL1�LB�_lLLi��1i2n 
D i k e s  I - 1 7 2  Top 4 . 6 0 
Bo t t om 2 0 . 9  0 
D-4 1  Top  7 6 8 . 6  1 0  
B o t t om 9 7 . 8  1 
D-4 1  Top 2 2 8 . 1  3 
Bo t t om 5 6 1 . 2  7 
Co n t r o l  I- 1 7 2 Top 6 . 8 0 
Bo t t om 9 . 1 0 
D-4 1  T o p  1 . 0 0 
Bo t t om 2 . 5 0 
D-4 1  B o t t om 2 . 8 0 
D i k e s  I - 1 7 2  T o p  8 . 7 0 
B o t t om 2 7 . 3  0 
D-4 1  T o p  2 8 2 . 9  4 
Bo t t om 6 1 . 6  1 
.D-4 1 T o p  1 2 5 . 0  2 
Bo t t om 1 6 4 . 8 2 
Co n t r o l  1- 1 7 2  Top 6 . 1  0 
B o t t om 7 . 8 0 
D-4 1  T o p  - 0 . 1  0 
B o t t om 1 .  6 0 
D-4 1  B o t t om 1 . 2 0 
-----------------------------------------------�---------
a T h e i r r i g a t i o n m a c h i n e t r a v e l e d  f r om t h e  t o p t o  t h e  
b o t t om o f  t h e  p l o t s . Ru n o f f  r an t owa r d s  t h e b o t t om o f  t h e  
p l o t s . 
p r o c ed u r e  p r od u c ed a wo r s t  c a s e s c e n a r i o ,  d e e p  p e r c o l a t i on 
w a s a s s u m e d  t o  b e  z e r o  f o r a l l t i l l a g e / s p r i n k l e r 
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c omb i n a t i on s  an d wa s c o n s e q u e n t l y  e l i m i n a t ed f r om f u r t h e r  
a n a l y s i s . De t a i l ed d e e p  p e r c o l a t i on t e s t  d a t a a r e  l i s t e d  
i n  Ap p e nd i x  C .  
WAi��-Bal�n�� 
T h e f o l l ow i n g d a t a  a r e  o v e r a l l av e r ag e  v a l u e s f o r 
t h e  f i v e-y e a r  s t u d y .  S p e c i f i c r e s e a r c h  r e s u l t s  f o r 
i n d i v i d u a l  w a t e r b a l a n c e  v a r i a b l e s , a l o n g  w i t h  y e a r l y  
wa t e r  b a l a n c e s umm a r i e s ,  a r e t ab u l a t ed i n  Ap p e nd i x  D .  
a��inkl��-S1Y��. To t a l i np u t d u r i ng t h e  f i v e - y e a r  
s t u d y  a v e r a g e d  3 7 8  mm , 7 9 %  d u e t o  i r r i g a t i o n a nd 2 1 % d u e  
t o  p r e c i p i t a t i on ( T a b l e 3 ) . T o t a l  r u n o f f  av e r ag ed 3 0  mm 
( 8 % o f  wa t e r i n p u t s ) , g r o u n d  s t o r a g e  w a s - 1 9  mm ( - 5 %  o f  
w a t e r i n p u t s ) a n d  e v a p o t r an s p i r a t i o n e qu a l ed 3 6 6  mm ( 9 7% 
o f  wa t e r  i n p u t s ) .  S i n c e  o n l y  o n e s p r i n k l e r ( I - 1 7 2 ) wa s 
u s e d a l l f i v e-y e a r s o f  t h e  s t u d y, t h e  o v e r a l l av e r a g e s  a r e 
b a s e d o n  d i f f e r e n t  y e a r l y  c omb i n a t i on s . 
fLimA��-Illl���-�1yg�. T o t a l  i n p u t i n  t h e p r i m a r y 
t i l l a g e  s t u d y  a v e r a g e d  3 8 1 mm ( T a b l e  4). E i g h t y - t w o  
p e r c e n t  o f  t h i s  i n p u t wa s i r r i g a t i o n a n d 1 8 %  w a s 
p r e c i p i t a t i o n .  Comp a r e d t o  t h e  s p r i n k l e r s t ud y ,  p r i ma r y  
t i l l a g e  r u n o f f wa s t h e  s ame ( 3 0 mm o r  8 %  o f  wa t e r  i np u t s ) ,  
g r o u n d  s t o r a g e  ( - 3 5  mm o r  - 9 %  o f  w a t e r i n p u t s )  wa s l e s s  
a n d  e v a p o t r a n s p i r a t i o n ( 3 8 6  mm o r  1 0 2 % o f  wa t e r i np u t s ) 
wa s l a r g e r . Al l av e r ag e s  a r e b a s e d o n  1 9 8 2 - 1 9 8 5  d a t a . 
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Tab l e  3 .  Ov.e r a l l wa t e r b a l a n c e s umm a r y  f o ·r s p r i nk l e r 
s t u d y .  
-------�---------------- - - - - - - - - - - - - - - - - -----------------
P r i ma r y  Se c o nd a r y  S p r i nk l e r V a r i ab l e s 
IillA��---Illl���-----I�U�-----1--±--f __ : __ R __ ± __ QS __ ±_BI 
- - - - - - - - - - - ( rnm )  - - - - - - - - - -
D i s k  I RT I - 3 4 4 a  2 3 1 9 2  6 0 3 1 6 
I - 1 7 2 b 2 9 9  7 9  1 0  - 4 3 7 2  
S - 1 0 3 c 3 1 9  6 7  1 0  - 5 3 8 1 
D- 4 1 d 3 5 0 7 2  2 8  - 9 4 0 4  
D i s k  Co n t r o l  I - 3 4 4 a  2 3 1  9 2  2 8  - 2 0  3 1 5 
I - 1 7 2 b 2 9 9  7 9  3 9  - 2 6 3 6 5 
S - 1 0 3 c 3 1 9  6 7  5 9  - 4 3  3 7 0  
D- 4 1 d J..5Jl ____ 1l ____ Q..U ___ =J.� ___ i.Q1 
Ov e r a l l V a r i ab l e  Av e r age 3 0 0  7 8  3 0  - 1 9  3 6 6 
- - - - - - - ( %  o f  I +P ) - - - - - - -
D i s k I RT I - 3 4 4a 7 2  2 8  2 0 9 8  
I - 1 7 2 b 7 9  2 1  3 - 1 9 8  
S - 1 0 3 c 8 3  1 7  3 - 2 9 9  
D- 4 1 d 8 3  1 7  7 - 2 9 6  
D i s k Co n t r o l  I - 3 4 4 a  7 2  2 8  9 - 6 9 8  
I - 1 7 2 b 7 9  2 1  1 1  - 7 9 6  
S - 1 0 3 c  8 3  1 7  1 6  - 1 2  9 6  
D- 4 1 d �1 _ _ _ _  l1 _ _ __ li _ _ _  =ll----�� 
Ov e r a l l Va r i a b l e  Av e r age  7 9  2 1  8 - 5 9 7  
---- - - - - - - - - - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a B a s e d o n  1 9 8 1 - 1 9 8 4  d a t a . c B a s e d o n  1 9 8 2 - 1 9 8 5  d a t a .  
b B a s e d on 1 9 8 1 - 1 9 8 5  d a t a . d B a s e d  o n  1 9 8 3 - 1 9 8 5  d a t a .  
Tab l e  4 .  Ov e r a l l wa t e r b a l a n c e s umm a r y  f o r p r i ma r y  
t i l l ag e  s t u d y . 
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-------------------- - - - - - - - - -- - - - - - - - - - - - - -- - - - - -n -------
P r i ma r y  S e c on d a r y  S p r i nk l e r Va r i ab l e s · 
!ill�i�---Illl�i�-----I���------1--±--f--=--R--±-QS __ ±_ET 
- - - - - - - - - - - ( mm ) - - - - - - - - - -
P l ow I RT I - 1 7 2  3 1 4 6 7  2 3  - 3 2  3 9 0 
Con t r o l  I - 1 7 2  3 1 4 6 7  4 6  - 6 3 3 9 8 
D i s k  I RT 1 - 1 7 2 3 1 4 6 7  8 - 7 3 8  0 
Co n t r o l  I - 1 7 2  3 1 4 6 7  3 1  - 4 9 3 9 9 
T i  1 1  I RT 1 - 1 7 2  3 1 4 6 7  1 5  - 1 8  3 8 4 
P l an t  
Co n t r o l  1 - 1 7 2  al�----�1----��---=i�---�Q� 
Ov e r a l l V a r i a b l e  Av e r age  3 1 4 6 7  3 0  - 3 5 3 8 6  
- - - - - - - ( %  o f  I +P )  - - - - - - -
P l ow I RT 1 - 1 7 2  8 2  1 8  6 - 8 1 0  2 
Co n t r o l  1 - 1 7 2  8 2  1 8  1 2  - 1 8 1 0 5 
D i s k  I RT 1 - 1 7 2  8 2  1 8  2 - 2 1 0  0 
Co n t r o l  1 - 1 7 2  8 2  1 8  9 - 1 3 1 0 5 
T i  1 1  I RT I - 1 7 2  8 2  1 8  4 - 4 1 0 1 
P l an t  
Co n t r o l  I - 1 7 2  �1 ____ 1�----1�---=ll ____ i� 
Ov e r a l l V a r i a b l e  Av e r a g e  8 2  1 8  8 - 9 1 0 2  
------ - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - � - - - - - - - - -
a Al l v a l u e s  b a s e d o n  1 9 8 2 - 1 9 8 5  d a t a . 
S t a t i s t i c a l  a n a l y s i s  s u mm a r i e s f o r  i n d i v i d u a l  
wa t e r b a l a nc e  v a r i a b l e s a nd a s s o c i a t e d l e as t - s q u a r e s  m� a n s 
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a r e  t ab u l a t ed i n  t h i s  s e c t i o n .  Ab b r e v i a t i on s  u s e d i n  t h e 
f o l l ow i n g t a b l e s a r e : Y = y e a r , PT = p r i ma r y  t i l l ag e , ST 
= s e c o nd a r y t i l l a g e  a n d S P  = s p r i n k l e r . Th r o ug h o u t t h i s  
s e c t i on t wo -way and t h r e e -way i n t e r a c t i on s  a r e  r e p r e s e n t ed 
by  Roman n ume r a l s f o r  r e a s o n s  o f  b r ev i t y . Al s o , t h e w o r d  
" m e a n " w i l l  a l w a y s r e f e r  t o  a l e a s t � s q ua r e s  m e a n . I n  
s e v e r a l  i n s t a n c e s , i n d i v i d u a l  v a r i a b l e s a n d / o r  i n t e r ­
a c t i o n s  i n  t h e  s p r i n k l e r s t u d y s h ow e d  s i g n i f i c a n c e , b u t  
l e a s t - s q u a r e s  m e a n s we r e  i n e s t i m a b l e .  T h i s  o c c u r r e d 
b e c au s e  t h r e e  o f  t h e  f o u r  s p r i n k l e r s  w e r e  n o t u s e d  e v e r y  
y e a r  o f  t h e  s t u d y , r e s u l t i n g i n  m i s s i n g d a t a .  I n  t h e  
f o l l ow i n g  d i s c u s s i o n s t a t i s t i c a l  s i g n i f i c a nc e o c c u r s a t  
t h e  5 %  l e v e l . I f  s t a t i s t i c a l  s i g n i f i c an c e  i s  n o t  e x p l i c ­
i t l y s t a t e d , a n y c omm e n t s  m a d e c a n n o t  b e  s t a t i s t i c a l l y  
j u s t i f i e d .  A c omp l e t e  l i s t i n g o f  t h e  r aw d a t a  u s ed t o  
p e r f o rm t h e  l e a s t - s q u a r e s an a l y s i s  o f  v a r i a n c e i s  g i v e n . i n  
Ap p e n d i x  E .  
�����-Ln��i-i£�LLakL�L-£i�d�l . S i g n i f i c a n t  
d i f f e r e n c e s  o c c u r r e d am o n g  y e a r l y  m e a n s a n d  s p r i n k l e r 
m e a n s ( Ta b l e  5 ) . Ye a r l y  m e a n s we r e  3 5 0 , 3 5 8 , 3 8 5 , 3 7 1  and  
4 0 9 m m  f o r 1 9 8 1 , 1 9 8 2 , 1 9 8 3 , 1 9 8 4  and  1 9 8 5 , r e s p e c t i v e l y  
( Ta b l e  6 ) .  A l l y e a r l y  m e a n s w e r e  s i g n i f i c an t l y  d i f f e r en t  
f r om e a c h  o t h e r e x c e p t f o r  t h e 1 9 8 1 a n d  1 9 8 2  v a l u e s . 
� p r i n k l e r  m e a n s w e r e  3 3 1 , 3 7 8 , 3 8 0  a n d  4 0 8  mm f o r  
1 - 3 4 4 , I - 1 7 2 , S - 1 0 3 a nd D - 4 1 s p r i nk l e r s , r e s p e c t i v e l y .  
Ta b l e  5 .  S t a t i s t i c a l  an a l y s i s  s unun a r y  o f  . t o t a l  wa t e r 
i np u t s  f o r t h e s p r i nk l e r  s t udy . 
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S ou r c e  DF S um o f  F PR > F R Co e .  
--- -------------S�Y����---Ya1Y�------------Sgy���---Ya�� 
Mod e l  7 4 6 2 6 5 . 0  5 6 . 6 0  0 . 0 0 0 1 0 . 9 4 2 9 2 . 8 9  
E r r o r 2 4  2 8 0 2 . 5  
Co r To t 3 1  4 9 0 6 7 . 5  
y 4 9 9 4 6 . 6  2 1 . 3 0  0 . 0 0 0 1 
S P  3 1 8 7 6 5 . 5  5 3 . 5 7 0 . 0 0 0 1  
--- - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - - - - - - -- - - -- - - - - -- - - -- - -
Tab l e 6 .  Le a s t - s qu a r e s  m e a n s o f  t o t a l  w a t e r i n p u t 
v a r i ab l e s  f o r  t h e  s p r i n k l e r  s t u dy . 
V a r i a b l e  Le a s t - S q u a r e s  
Me a n * 
______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _  imml _ _ _ _  _ 
1 9  8 1  
1 9 8 2  
1 9 8 3  
1 9 8 4  
1 9 8 5  
1 - 3 4 4  
I - 1 7 2  
S - 1 0 3 
D - 4 1 
3 5 0 a 
3 5 8 a 
3 8 5 b 
3 7 1 c 
4 0 9 d  
3 3 1 a 
3 7 8b 
3 8 0 b  
4 0 8 c  
* L e a s t - s q u a r e s  mean s w i t h  t h e  s am e  l e t t e r a r e  n o t  s t a t i s ­
t i c a l l y  d i f f e r en t  a t  t h e  5 %  l e v e l . 
Al l s p r i nk l e r m e a n s we r e  s i g n i f i c an t l y  d i f f e r e n t  f r om e a c h  
o t h e r  e x c e p t f o r t h e  I - 1 7 2  a n d S - 1 0 3 v a l u e s . A d e c r e a s e 
. i n  s p r i n k l e r  p r e s s u r e a l w a y s r e s u l t e d i n  a n  i n c r e a s e  i n  
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t o t a l  i n p u t . S p r i n k l e r m e a n  d i f f e r e n c e s  w e r e  u n i n t en ­
t i on a l . P r e s s u r e  r eg u l a t o r s  o n  t h e 1 - 1 7 2 , S - 1 0 3  a n d  D - 4 1 
s p r i n k l e r s  w e r e  s e t  a t  t h e b e g i n n i n g o f  t h e  s t u d y  t o  
p r o v i d e  a u n i f o r m f l o w r a t e  f o r  a l l s p r i n k l e r s . 
L a b o r a t o r y  me a s u r eme n t s  o f  s p r i nk l e r f l ow r a t e s  we r e  t ak e n  
a t  t h e  c o n c l u s i on o f  t h e  s t u d y a n d a v e r ag e d  0 . 6 8 5 , 0 . 6 7 7 , 
0 . 7 1 2 a n d  0 . 7 0 4 L / s f o r t h e  1 - 3 4 4 , 1 - 1 7 2 , S - 1 0 3 a n d  D - 4 1  
s p r i n k l e r s , r e s p e c t i v e l y ,  f o r  t h e  s p e c i f i e d o p e r a t i n g 
p r e s s u r e  a t  t h e b a s e o f  t h e  s p r i n k l e r .  Th e d i f f e r e n c e  i n  
t h e  o r d e r  o f  f l o w r a t e s a n d  t o t a l  i n p u t s  a m o n g  t h e  
s p r i n k l e r s  w a s p r o b a b l y  c a u s e d  b y  t w o  m a i n  f a c t o r s . 
D i f f e r en t  s p r ay l o s s e s amo n g  t h e  s p r i n k l e r s  wo u l d  a f f e c t  
t o t a 1 i n p u t v a 1 u e s • Ge n e  r a 1 1 y , s p r a y 1 o s s e s i n c r e a s e a s 
s p r i n k l e r p r e s s u r e s i n c r e a s e . V a r i a t i o n s  i n  i r r i g a t i o n 
s y s t em p r e s s u r e  o r  e r r o r s  i n  p r e s s u r e  r e g u l a t o r  s e t t i n g s  
w o u l d  a l s o a f f e c t  s p r i n k l e r f l o w r a t e s . D u e t o  
u n c o n t r o l l a b l e  c i r c u m s t a n c e s , i r r i g a t i on s y s t em p r e s s u r e  
wa s s l i g h t l y l e s s  t h a n  3 4 4 kP a o n  s e v e r a l  oc c a s i o n s  d u r i n g 
t h e  s t u d y , c au s i ng a r e d u c t i o n i n  I - 3 4 4  f l ow r a t e s . A l s o , 
f i e l d  m e a s u r emen t s  o f  s p r i nk l e r p r e s s u r e s i n  1 9 8 5 r e v e a l ed 
t h a t  t h e D - 4 1  s p r i n k l e r s  w e r e  o p e r a t i n g a t  a n  a v e r a g e  
p r e s s u r e  o f  5 9  k P a , r e s u l t i n g i n  exc e s s i v e f l ow r a t e s . I t  
i s  n o t  k n own wh e t h e r  t h e p r e s s u r e  r eg u l a t o r  we r e  i n i t i a l l y 
s e t  i n c o r r e c t l y o r  i f  t h e s e t t i n g s  c h a n g e d  d u r i n g t h e  
c o u r s e  o f  t h e  s t udy . 
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Tab l e  8 .  S t a t i s t i c a l  an a l y s i s  s urrun a r y  o f  . t o t a l  r u n o f f  
f o r t h e  s p r i nk l e r s t u d y . 
S o u r c e  DF S um o f  F PR > F R Co e .  
_________________ Sgy����---Y�lY�------------S�u���---Ya�� 
M od e l 3 1  6 1 9 7' 7 .  2 2 7 . 7 8 0 . 0 0 0 1 0 . 9 1 7 9  3 3 . 5 8 
E r r o r  7 7  5 5 4 0 . 8  
Co r To t 1 0 8 6 7 5 1 8 . 0  
y 4 8 6 4 8 . 5  3 0 . 0 5  0 . 0 0 0 1  
ST 1 2 5 2 1 1 . 7  3 5 0 . 3 7 0 . 0 0 0 1  
S P  3 1 3 0 2 0 . 4  6 0 . 3 1  0 . 0 0 0 1  
y * S P  8 1 5 1 3 . 0  2 . 6 3  0 . 0 1 3 4  
ST * S P  3 3 6 1 7 . 5  1 6 . 7 6 0 . 0 0 0 1  
y * ST 4 3 2 8 4 . 6  1 1 . 4 1  0 . 0 0 0 1  
y * ST * S P  8 1 8 6 0 . 9  3 . 2 3  0 . 0 0 3 2 
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
( Ta b l e  9 ) .  How e v e r , t h e 1 9 8 3  m e a n  ( 2 9 mm ) wa s s i g n i f ­
i c an t l y d i f f e r e n t  t h a n  t h e 1 9 8 4  me a n  ( 2 0 mm ) .  
F o r  i n t e r a c t i o n I ,  a d e c r e a s e  i n  s p r i n k l e r 
p r e s s u r e  r e s u l t e d i n  a s i g n i f i c a n t i n c r e a s e i n  t o t a l  
r u n o f f  i n  a l l b u t t h r e e c a s e s . Tw o o f  t h e  e x c e p t i o n s  
o c c u r r e d b e t we e n  t h e 1 - 3 4 4 a n d  1 - 1 7 2  s p r i nk l e r s  i n  1 S8 3  
a n d  1 9 8 4 , a n d  t h e  o t h e r  w a s b e t w e e n  t h e  S - 1 0 3 a n d  D - 4 1 
s p r i n k l e r s  i n  1 9 8 3 . Th e i n v e r s e  r e l a t i o n s h i p  b e t w e e n  
s p r i n k l e r p r e s s u r e  a n d  t o t a l r u n o f f a l s o ex i s t e d f o r t h e s e 
t h r e e e x c e p t i o n s , b u t  t h e  m e a n s w e r e  n o t  s t a t i s t i c a l l y  
d i f f e r e n t . An ex p l an a t i on f o r  t h e i nv e r s e  r e l a t i on s h i p  
b e t w e e n  s p r i n k l e r  p r e s s u r e  a n d  t o t a l  r u n o f f  i s  t h a t  a p p l i -
c a t i o n i n t e n s i t y i n c r e a s ed a s  s p r i nk l e r p r e s s u r e  d e c r e a s e d 
( De B o e r  a n d  B e c k , 1 9 8 3 ) .  A s s um i n g a c o n s t an t  s � i l  
Tab l e  9 .  L e a s t - s q u a r e s  me a n s  o f  t o t a l  r un·o f f v a r i a b l e s 
a n d  i n t e r a c t i on s  f o r  t h e  s p r i nk l e r  s t u dy . 
V a r i ab l e o r  I n t e r a c t i o n L e a s t - S qu a r e s  
Me an * 
------------�- --- - - - - - - - - --- - - --imml ____ _ 
1 9 8 1  I NEST 
1 9 8 2  I NEST 
1 9 8 3  2 9 a  
1 9 8 4 2 0 b  
1 9 8 5  I NEST 
I RT I NEST 
Con t r o l  I NEST 
1 - 3 4 4  I NEST 
1 - 1 7 2  2 4 
S - 1 0  3 I NEST 
D- 4 1  I NEST 
( I ) 
1 9 8 1  * I - 3 4 4  3 1 a 
1 9 8 1  * I - 1 7 2  4 8 b 
1 9 8 2 * I - 3 4 4  2 1 a 
1 9 8  2 * I - 1 7 2 3 5 b 
1 9 8 2  * S - 1 0 3  5 1 c 
1 9 8 3  * 1 - 3 4 4  l O a 
1 9 8 3  * 1 - 1 7 2 1 5 a  
� 1 9 8 3  * S - 1 0 3  4 4b 
1 9 8 3  * D - 4 1  4 6 b  
1 9 8 4  * I - 3 4 4  S a  
1 9  8 4  * I - 1 7 2 1 2 a  
1 9 8 4  * S - 1 0 3  2 1 b 
1 9 8 4  * D - 4 1  4 0 c 
1 9 8 5  * 1 - 1 7 2  1 1 a 
. 1 9 8 5  * S - 1 0 3  2 2 b 
1 9 8 5  * D - 4 1 4 5 c 
( I I ) 
I RT * I - 3 4 4  I NEST 
I RT * I - 1 7 2  1 0  
I RT * S - 1 0 3  I NEST 
I R t  * D - 4 1  I NEST 
Co n t r o l  * I - 3 4 4  I NEST 
Con t r o l  * I - 1 7 2  3 8  
Co n t r o l  * S - 1 0 3  I NEST 
Co n t r o l  * D - 4 1  I NEST 
3 7  
3 8  
T a b l e 9 • Con t i n u ed . 
-------------- - - - - - - - - - - - - - - - ------------
V a r i ab l e  o r  I n t e r a c t i o n L e a s t - S q u a r e s  
--------------------------------M�an _____ 
( I  I I ) 
1 9 8 1  * I RT I NEST 
1 9 8 1  * Co n t r o l  I NEST 
1 9 8 2 * I RT I NEST 
1 9 8  2 * Con t r o l  I NE ST 
1 9 8 3  * I RT 1 8 a  
1 9 8 3  * Co n t r o l  4 0 b 
1 9 8 4  * I RT 3 a  
1 9 8 4  * Co n t r o l  3 6 b 
1 9 8 5  * I RT I NEST 
1 9 8 5  * Co n t r o l  I NEST 
( I V )  
1 9 8 1  * I RT * 1 - 3 4 4  1 6 a  
1 9 8 1  * I RT * 1 - 1 7 2  2 4 a 
1 9 8 2  * I RT * 1 - 3 4 4  2 a  
1 9 8 2  * I RT * 1 - 1 7 2  1 1 a 
1 9 8 2  * I RT * S - 1 0 3 1 5 a  
1 9 8 3 * I RT * I - 3 4 4  S a  
1 9 8 3  * 1 RT • 1 - 1 7 2  1 3 a  
1 9 8 3  * I RT * S - 1 0 3  1 4 a 
1 9 8 3  * I RT * D - 4 1  3 6 b  
1 9 8 4  * I RT * 1 - 3 4 4  O a  
1 9 8 4  * I RT * 1 - 1 7 2  O a  
1 9 8 4 * I RT * S - 1 0 3  1 a 
1 9 8 4  *- I RT * D - 4 1  1 2 b  
1 9 8 5  * I RT * I - 1 7 2  4 a  
1 9 8 5 * I RT * S - 1 0 3  l O a  
1 9 8 5  * I RT * D - 4 1 3 6 b 
1 9 8 1  * Con t r o l  * 1 - 3 4 4  4 7 a  
1 9 8 1  * Con t r o l  * 1 - 1 7 2 7 2b  
1 9 8 2  * Con t r o l  * 1 - 3 4 4  3 9 a 
1 9 8 2  * Con t r o l  * 1 - 1 7 2  6 O b  
1 9 8 2  * Co n t r o l  * S - 1 0 3 8 6 c  
1 9 8 3  * Co n t r o l  * 1 - 3 4 4  1 1 a 
1 9 8 3  * Co n t r o l  * 1 - 1 7 2  1 7 a  
1 9 8 3  * Co n t r o l  * S - 1 0 3 7 4b 
1 9 8 3  * Co n t r o l  * D - 4 1 5 6 c  
1 9 8 4  * Con t r o l  * 1 - 3 4 4  1 3 a 
1 9 8 4 * Co n t r o l  * 1 - 1 7 2 2 4 a  
1 9 8 4 * Co n t r o l  * S - 1 0 3 4 1 b 
1 9 8 4 * Co n t r o l  * D - 4 1  6 8 c 
Ta b l e  9 .  Con t i n u ed . 
V a r i a b l e o r  I n t e r ac t i o n L e a s t - S qu a r e s 
-------------- ------------------M��n _ ___ _ 
1 9 8 5  * Con t r o l  * I - 1 7 2  
1 9 8 5  * Con t r o l  * S - 1 0 3  
1 9 8 5  * Con t r o l  * D - 4 1  
1 9 a 
3 5 b  
5 5 c 
. 3 9  
* L e a s t - s q u ar e s  mean s w i t h  t h e  s am e  l e t t e r a r e· n o t  s t a t i s ­
t i c a l l y d i f f e r e n t  a t  t h e  5 %  l e v e l . Me a n  c omp a r i s o n s  
w i t h i n  i n t e r ac t i on s  a r e o n l y  p o s s i b l e  a m o n g  c omm o n  f i r s t  
v a r i a b l e ( s ) . 
i n f i l t r a t i o n r a t e  a n d  t h e  s am e  a p p l i c a t i on d e p t h  f o r  a l l 
s p r i n k l e r s , a d e c r e a s e i n  s p r i n k l e r p r e s s u r e  ( i . e .  a n  
i n c r e a s e  i n  a p p l i c a t i o n i n t e n s i t y )  w o u l d  p r o d u c e a n  
i n c r e a s e i n  r u n o f f . Th e p r o b l e m s  a s s o c i a t e d w i t h  t h i s  
s c e n a r i o  we r e  c om p o u n d e d  i n  t h e f i e l d  s t u dy i n  t wo way s .  
F i r s t , t o t a l  i n p u t wa s n o t c o n s t a n t , b u t i n c r e a s e d  a s  
s p r i n k l e r  p r e s s u r e  d e c r e a s e d . S e c o n d , t h e s o i l  a t  t h e  
r e s e a r c h s i t e h a s  a c r u s t i n g t e n d e n c y . A s  a p p l i c a t i on 
i n t e n s i t y i nc r e a s e d , t h e r a t e  a t  wh i c h a s o i l c r u s t  f o rme d 
p r ob ab l y i n c r e a s e d , t h e r e by i nh i b i t i n g i n f i l t r a t i o n . Bo t h  
o f  t h e s e  s i t u a t i o n s  w o u l d  c a u s e  a f u r t h e r  i n � r e a s e i n  
r u n o f f . 
I n t e r a c t i o n s  I I  an d I I I  c o u l d  n o t  b e  an a l y z e d  i n  
d e t a i l b e c a u s e m a n y  o f  t h e  l e a � t - s q u a r e s m e a n s w e r e  
i n e s t i ma b l e .  F o r  i n t e r a c t i on I I I , h owe v e r , I RT mean s we r e  
s i g n i f i c a n t l y  l e s s  t h a n Co n t r o l  m e a n s  i n  1 9 8 3  a n d  1 9 8 4 . 
4 0  
F o r  t h e y e a r  a n d  I RT c omb i n a t i on s  i n  i n t e r ac t i o n I V , D - 4 1  
s p r i n k l e r s  a l way s p r od u c ed s i g n i f i c a n t l y mo r e  t o t a l  r u n o f f 
t h a n 1 - 3 4 4 , 1 - 1 7 2  a n d  S - 1 0 3  s p r i n k l e r s . No s i g n i f i c a n t 
d i f f e r e n c e s  o c c u r r e d amo n g  o t h e r  s p r i nk l e r me an s . F o r  t h e  
y e a r  a n d  Co n t r o l  c om b i n a t i o n s , a d e c r e a s e  i n  s p r i n k l e r 
p r e s s u r e  r e s u l t e d i n  a s i g n i f i c a n t i n c r e a s e  i n  t o t a l  
r u n o f f i n  a l l b u t  t h r e e  c a s e s . Th e e x c e p t i . on s o c c u r r e d 
b e t we e n  t h e I - 3 4 4  a n d  1 - 1 7 2  s p r i n k l e r s  i n  1 9 8 3  a n d  1 9 8 4 , 
a n d  t h e S - 1 0 3  a nd D - 4 1 s p r i n k l e r s  i n  1 9 8 3 . IRT me a n s we r e  
a l wa y s l e s s  t h an Co n t r o l  me a n s . T h e I RT p r a c t i c e t e n d e d  
t o  r e d u c e  t o t a l  r u n o f f d i f f e r e n c e s  amo n g  s p r i nk l e r s  t h a t  
e x i s t e d f o r t h e  Co n t r o l  t r e a t me n t . 
TQ��1-Run2i!_iELLma��-�L�����-�i���l . Ye a r l y  
me a n s , p r i ma r y t i l l a g e  me a n s , s e c o n d a r y t i l l a g e  m e a n s  a n d  
i n t e r a c t i o n m e a n s  f o r y e a r - b y - s p r i n k l e r ( I ) , y e a r - b y ­
s ec o nd a r y t i l l a g e  ( I I )  a n d  s e c o n d a r y  t i l l a g e - by - p r ima r y  
t i l l ag e  ( I I I )  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  ( Ta b l e  1 0 ) .  
·M e a n s w e  r e n o t s i g n i f i c a n t 1 y d i f f e r e n t f o r t h e 
y e a r - b y -p r i m a r y  t i l l ag e - b y - s e c on d a r y  t i l l ag e  i n t e r a c t i o n .  
Ye a r l y  me a n s w e r e  3 8 , 3 9 , 2 2  a n d 1 8  mm . f o r 1 9 8 2 , 
1 9 8 3 , 1 9 8 4 a nd 1 9 8 5 , r e s p e c t i v e l y  ( Ta b l e  1 1 ) .  Me an v a l u e s 
we r e  n o t s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  y e a r s 1 9 8 2  a n d  
1 9 8 3  o r  y e a r s 1 9 8 4  a n d  1 9 8 5 , b u t 1 9 � 2  a n d  1 9 8 3  v a l u e s we r e  
s i g n i f i c a n t l y d i f f e r e n t  f r o m 1 9 8 4 a n d  1 9 8 5  v a l u e s . 
P r i ma r y  t i l l ag e  mean s we r e  3 4 , 1 9  a n d  3 5  mm f o r  P l ow i n g , 
T ab l e  1 0 . S t a t i s t i c a l  an a l y s i s  s umm a r y  o f. t o t a l  r un o f f 
f o r t h e  p r i ma r y  t i l l a g e  s t u dy . 
4 1  
S o u r c e  DF S um o f  F PR > F R Co e .  
_____ _ _ _ _ _ _ _ _ _ _ _ _  s�ua���---Yalu�------------S�ua��---Y��� 
Mod e l  2 3  3 2 4 8 8 . 3  1 3 . 9 4 0 . 0 0 0 1  0 . 8 7 4 5  3 4 . 8 6 
E r r o r  4 6  4 6 6 2 . 8  
Co r To t 6 9  3 7 1 5 1 . 0  
y 3 5 8 6 5 . 5  1 9 . 2  9 0 . 0 0 0 1  
PT 2 3 5 1 8  • 2 1 7 . 3 5 0 . 0 0 0 1 
ST 1 1 4 3 1 2 . 0  1 4 1 . 1 9  0 . 0 0 0 1  
y *PT 6 3 1 4 8 . 6  5 . 1 8 0 . 0 0 0 4  
y * ST 3 3 5 5 8 . 9  1 1 . 7 0  0 . 0 0 0 1  
ST*PT 2 1 0 2 1 . 8  5 . 0 4  0 . 0 1 0 5  
y *PT* ST 6 8 5 8 . 1  1 . 4 1  0 . 2 3 0 9  
------ - - - ---- - - - - - -- - - - - - - - - - - - - - - - - - - - - -- - - - ----- - - - - - - -
Tab l e  1 1 . L e a s t - s q u a r e s  m e a n s o f  t o t a l  r un o f f v a r i ab l e s 
a n d  i n t e r a c t i on s  f o r  t h e  p r i m a r y  t i l l ag e  s t u d y . 
V a r i ab l e o r  I n t e r a c t i o n L e a s t - S q u a r e s  
Mean * 
________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _ _  imml _ _ __ _ 
1 9 8 2  
1 9 8 3  
1 9 8 4  
1 9 8 5 
P l ow 
D i s k 
T i l l -P l an t  
I RT 
Con t r o l  
( I ) 
1 9 8 2 * P l ow 
1 9 8 2 * D i s k  
1 9 8 2  * T i l l -P l a n t  
1 9 8 3 * P l ow 
1 9 8 3  * D i s k  
1 9 8 3  * T i l l - P l a n t  
3 8 a  
3 9 a  
2 2 b 
1 8 b  
3 4 a 
1 9 b  
3 5 a  
1 5 a 
4 4b 
4 1 a 
2 2b  
5 1  a 
5 3a 
2 7 b 
3 8b 
4 3  
s i g n i f i c a n t l y d i f f e r e n t  i n  on e - h a l f  o f  t h e  c a s e s , b u t n o  
c on s i s t e n t  r e l a t i on s h i p s  am o n g  p r i ma r y  t i l l ag e  t r e a tm e n t s  
we r e  e v i d en t . F o r  i n t e r a c t i o n I I ,  I RT p r o d u c e d s i g n i f ­
i c a n t l y l e s s  t o t a l  r u n o f f t h a n  t h e Con t r o l  t r e a tme n t  i n  
1 9 8 2 , 1 9 8 3  a n d  1 9 8 4 . I RT a l s o  p r o d u c ed l e s s  t o t a l  r u n o f f 
t h a n C o n t r o l i n  1 9 8 5 , b u t  t h e  m e a n  d i f f e r e n c e w a s n o t 
s i g n i f i c a n t . I RT mean s i n  i n t e r a c t i on I I I  we r e  2 2 , 8 a nd 
1 5  m m  f o r  P l o w i n g ,  D i s k i n g a n d T i l l - P l a n t i n g ,  
r e s p e c t i v e l y .  P l ow i n g p r od u c ed s i g n i f i c a n t l y  mo r e  t o t a l  
r u n o f f t h a n  D i s k i ng .  Con t r o l  m e a n s we r e  4 6 , 3 1  a n d  5 5  mm 
f o r  P l ow i ng , D i s k i ng a n d  T i l l -P l a n t i n g ,  r e s p e c t i v e l y . A l l 
m e a n s  u n d e r  t h e C o n t r o l  t r e a t m e n t  w e r e  s i g n i f i c a n t l y 
d i f f e r e n t . I RT m e a n s w e r e  a p p r o x i m a t l y  1 / 4  o f  Co n t r o l  
m e a n s f o r  t h e D i s k i n g a n d  T i l l -P l a n t i n g p r ac t i c e s , Wh i l e 
t h e  P l ow i n g I RT m e a n  wa s a b o u t 1 / 2  o f  t h e  C o n t r o l  m e a n . 
Th e I RT p r ac t i c e  t e nd e d t o  m a s k  d i f f e r e nc e s  am o n g  p r i m a r y  
t i l l ag e  p r a c t i c e s . 
UL��n�-£������-i£�Link���-£����1 . D i f f e r e n c e s  
o c c u r r e d amo n g  y e a r l y  m e a n s , s e c o n d a r y t i l l a g e  m e a n s , 
s p r i n k l e r  m e � n s , a n d  i n t e r a c t i o n m e a n s f o r y e a r - b y ­
s e c o n d a r y  t i l l ag e  ( I )  a n d  s e c o n d a r y  t i l l ag e - by - s p r i nk l e r 
( I I )  ( Ta b l e  1 2 ) .  Ye a r l y  m e a n s w e r e  3 1 , - 4 7 , - 2 4 , - 4 3  a nd 
1 8  f o r  1 9 8 1 , 1 9 8 2 , 1 9 8 3 , 1 9 8 4  a n d  1 9 8 5 , r e s p e c t i v e l y 
( Ta b l e  1 3 ) .  Ye a r l y  mean s we r e  n o t  s i g n i f i c an t l y  d i f f e r e n t  
b e twe e n  y e a r s  1 9 8 1 a nd 1 9 8 5 a nd y e a r s  1 9 8 2  a nd 1 9 8 4 . Al l 
· 4 4  
Tab l e  1 2 . S t a t i s t i c a l  a n a l y s i s  s umm a r y  o f  g r ou n d s t o r age  
f o r  t h e s p r i n k l e r s t u dy . 
S o u r c e  DF S um o f  F PR > F R Co e .  
_________________ SQUA���---Y�l��------------SQU�t�---Y�r� 
Mod e l  1 5  9 6 3 4 3 . 3  1 8 . 2 1  0 . 0 0 0 1 0 . 7 5 4 3  1 1 6 . 7 3 
E r r o r  8 9  3 1 3 8 3 . 0  
Co r To t 1 0 4  1 2 7 7 2 6 . 3  
y 4 7 4 6 3 8 . 6  5 2 . 9 2  0 . 0 0 0 1  
ST 1 1 6 5 0 6 . 8  4 6 . 8 1  0 . 0 0 0 1  
SP  3 3 9 6 0 . 8  3 . 7 4  0 . 0 1 3 9  
y * ST 4 3 8 9 4 . 1  2 . 7 6  0 . 0 3 2 4  
ST * S P  3 3 0 5 3 . 9  2 . 8 9  0 . 0 4 0 0  
----- - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
o t h e r y e a r l y  mean s s h ow e d  s i g n i f i c a n t d i f f e r e n c e s . Th e 
I RT t r e a t m e n t  ( 2  mm ) p r o du c e d s i g n i f i c an t l y m o r e s t o r a g e  
t h an t h e Con t r o l  t r e a tme n t  ( - 2 8  mm ) . S p r i nk l e r mean s we r e. 
- 3 , - 1 3 , - 1 3  a nd - 2 4  mm f o r  I - 3 4 4 , 1 - 1 7 2 , S - 1 0 3 a n d D- 4 1 
s p r i n k l e r s , r e s p e c t i v e l y .  D - 4 1  s p r i n k l e r s p r o d u c e d 
s i g n i f i c a n t l y - l e s s  s t o r a g e  t h a n I - 3 4 4  s p r i n k l e r s . Th e 
o t h e r  s p r i nk l e r me an s we r e  n o t  s i g n i f i c an t l y  d i f f e r e n t . 
F o r  i n t e r a c t i o n I ,  I RT p r o d u c e d  s i g n i f i c an t l y mo r e  
s t o r ag e  t h an t h e Co n t r o l  t r e a t me n t  i n  1 9 8 1 , 1 9 8 2 , 1 9 8 3  and 
1 9 8 4 . I RT a l s o  p r o d u c e d  m o r e  s t o r a g e  t h a n  t h e Con t r o l  
t r e a tme n t  i n  1 9 8 5 , b u t t h e  m e a n s we r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t . I RT me a n s  f o r i n t e r a c t i o n I I  we r e  4 ,  - 1 , 8 a n d  
- 3 mm f o r  1 - 3 4 4 , I - 1 7 2 , S - 1 0 3 a n d  D - 4 1  s p r i n k l e r s , 
r e s p e c t i v e l y .  Me an s we r e  n o t s i g n i f i c a n t l y d i f f e r e n t  
amo n g  s p r i n k l e r ty p e s . Co n t r o l  m e a n s we r e  - 9 , - 2 4 , - 3 4  
4 5  
Tab l e  1 3 . Le a s t - s q u a r e s  me a n s o f  g r o u n d  s t o r ag e  v a r i a ­
b l e s and  i n t e r a c t i on s  f o r t h e  s p r i nk l e r s t u d y . 
V a r i ab l e o r  I n t e r a c t i o n L e a s t - S qu a r e s  
Mean * 
------------�------ - - - - - - - - - - - --imml _ _ _ _  _ 
1 9 8 1  3 1 a 
1 9 8 2  - 4 7 b 
1 9 8 3  - 2 4c 
1 9  8 4  - 4 3 b 
1 9 8 5  1 8 a 
IRT 2 a  
Co n t r o l  - 2 8 b 
I - 3 4 4  - 3 a  
I - 1 7 2  - 1 3 ab 
S - 1 0 3  - 1 3 a b 
D- 4 1 - 2 4  b 
( I ) 
1 9 8 1  * I RT 5 6 a 
1 9 8 1  * Co n t r o l  1 O b  
1 9 8 2 * I RT - 3 6 a  
1 9 8 2  * Co n t r o l  - 6  3b 
1 9 8 3  * I RT - 1 7 a  
1 9 8 3  * Co n t r o l  - 3  3b 
1 9 8 4  * I RT - 2 3 a  
- 1 9  8 4 * Co n t r o l  - 6  3b 
1 9 8 5  * I RT 2 4 a 
1 9 8 5  * Con t r o l  1 3a 
( I I ) 
I RT * I - 3 4 4  4 a  
I RT * I - 1 7 2  - 1 a  
I RT * S - 1 0 3  S a  
I RT * D - 4 1 - 3 a  
Co n t r o l  * I - 3 4 4  - 9 a  
Co n t r o l  * 1 - 1 7 2  - 2 4 ab 
Co n t r o l  * S - 1 0 3 - 3 4 b e  
Con t r o l  * D - 4 1 - 4 4  c 
* L e a s t - s q u a r e s  mean s w i t h t h e  s am e  l e t t e r a r e  n o t  s t a t i s ­
t i c a l l y  d i f f e r e n t  a t  t h e 5 %  l e v e l . M e a n  c omp a r i s o n s  
w i t h i n i n t e r ac t i on s  a r e on l y  p o s s i b l e  amo n g  a c ommon f i r s t  
v a r i a b l e . 
· 4 6  
a n d - 4 4  f o r  1 - 3 4 4 , 1 - 1 7 2 , S - 1 0 3 a n d  D - 4 1  s p r i n k l e r s , 
r e s p e c t i v e l y . 1 - 3 4 4 s p r i n k l e r s  p r o d u c e d s i g n i f i c an t l y  
m o r e s t o r a g e  t h a n S - 1 0 3 a n d  D - 4 1 s p r i n k l e r s , a n d  1 - 1 7 2  
s p r i n k l e r s  p r od u c e d  s i g n i f i c a n t l y  m o r e  s t o r a g e  t h a n D - 4 1  
s p r i nk l e r s . I RT me a n s  we r e  g r e a t e r  t h a n  Co n t r o l  m e a n s f o r  
a l l s p r i nk l e r s s t u d i e d .  
S t a t i s t i c a l  d i f f e r e n c e s  o c c u r r e d a m o n g y e a r l y  m e a n s , 
p r i m a r y  t i l l a g e  m e a n s , s e c o n d a r y  t i l l a g e  m e a n s  a n d  
y e a r - b y - s e c o n d a r y t i l l a g e  i n t e r a c t i o n ( I ) m e a n s ( Ta b l e 
1 4 ) . I n t e r ac t i on m e a n s w e r e  n o t  s i g n i f i c an t l y  d i f f e r e n t  
f o r  y e a r - b y - p r i ma r y  t i l l a g e , p r i m a r y  t i l l ag e - b y - s e c o n d a r y  
t i l l a g e  a n d  y e a r - by -p r i m a r y  t i l l a g e - by - s e c o nd a r y t i l l a g e  • . 
Ta b l e  1 4 . S t a t i s t i c a l  an a l y s i s  s umma r y  o f  g r ound  s t o r ag e  
f o r  t h e  p r i ma r y  t i l l ag e  s t u d y .  
S o u r c e  DF S um o f  F PR > F R Co e .  
___ _ _ _ _ _ _ _ _ _ _ _ _ _  Sgu����---Yalu�------------S�u���---Ya�� 
Mod e l  2 3  8 1 0 1 1 . 2  1 0 . 3 5 0 . 0 0 0 1  0 . 8 4 1 0  5 3 . 0 7 
E r r o r  4 5 1 5 3 1 8 . 9  
Co r To t 6 8  9 6 3 3 0 . 1  
y 3 4 4 1 5 9 . 3  4 3 . 2 4  0 . 0 0 0 1  
PT 2 5 5 0 4 . 4  8 . 0 8 0 . 0 0 1 0  
ST 1 1 7 6 7 9 . 1  5 1 . 9 3  0 . 0 0 0 1  
y *PT 6 2 8 5 6 . 3  1 . 4 0  0 . 2 3 6 2  
y * ST 3 3 2 6 0 . 9  3 . 1 9  0 . 0 3 2 4  
PT * ST 2 1 0 8 9 . 6  1 . 6 0  0 . 2 1 3 1  
y *PT* ST 6 1 2 9 4 . 0  0 . 6 3  0 . 7 0 2 7  
----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -
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Ye a r l y  me a n s  we r e  - 4 5 , - 2 7 , - 6 9  a nd 2 mm f o r 1 9 8 2 , 
1 9 8 3 , 1 9 8 4 a n d  1 9 8 5 , r e s p e c t i v e l y  ( Ta b l e  1 5 ) . A l l me an s 
we r e  s i g n i f i c a n t l y d i f f e r e n t  f r om e a c h  o t h e r . P r i m a ry 
t i l l ag e  mean s we r e  - 4 7 , - 2 8 a n d  - 2 9  mm f o r  P l ow i ng , 
D i s k i ng a nd T i l l -P l a n t i n g , r e s p e c t i v e l y .  P l ow i n g  p r o duc e d  
Ta b l e  1 5 . Le a s t - s q u a r e s  m e a n s o f  g r o u nd s t o r ag e  v a r i a ­
b l e s a nd i n t e r a c t i on s  f o r  t h e  p r i m a r y  t i l l ag e  
s t u d y . 
V a r i ab l e o r  I n t e r a c t i o n L e a s t -Squ a r e s  
Me an * 
______ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _  1mml _ _ _ _  _ 
1 9 8 2  
1 9 8 3  
1 9 8 4  
1 9 8 5  
P l ow 
D i s k 
T i l l -P l an t  
I RT 
Co n t r o l  
( I ) 
1 9  8 2 * I RT 
1 9 8 2  * Con t r o l  
1 9  8 3  * I RT 
· 1 9  8 3 * Con t r o 1 
1 9 8 4  * I RT 
1 9 8 4  * Co n t r o l  
1 9  8 5 * I RT 
1 9 8 5  * Co n t r o l  
- 4 5a 
- 2 7 b  
- 6 9 c 
2 d  
- 4 7 a  
- 2 8 b  
- 2 9 b  
- 1 9 a  
- 5 1b  
- 2 0 a  
- 7 0 b 
- 1 2 a  
- 4 2b 
- 4 9 a  
- 8 8 b 
7 a  
- 4a 
* L e a s t - s q u a r e s  mean s w i t h  t h e  s am e  l e t t e r a r e n o t  s t a t i s ­
t i c a l l y  d i f f e r e n t  a t  t h e 5 %  l e v e l . M e a n  c o m p a r i s o n s  
w i t h i n  t h e  i n t e r a c t i o n a r e  o n l y  p o s s i b l e a m o n g a 
p a r t i c u l a r y e a r . 
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s i g n i f i c an t l y l e s s  s t o r a g e  t h a n  D i s k i n g a nd T i l l -P l a n t i n g .  
D i s k i n g a n d  T i l l - P l a n t i n g m e a n s  w e r e  n o t  s i g n i f i c a n t l y 
d i f f e r e n t . I RT p r o d u c e d  s i g n i f i c a n t l y  m o r e  s t o r a g e  ( - 1 9  
mm ) t h a n t h e C o n t r o l  t r e a t m e n t ( - 5 1  mm ) ,  w h i c h w a s 
c o n s i s t e n t  w i t h  t h e S p r i n k l e r S t u d y  r e s u l t s . 
F o r  i n t e r a c t i on I ,  I RT p r o d u c e d s i gn i f i c an t l y  mo r e  
s t o r a g e  t h a n Co n t r o l  i n  e v e r y y e a r  b u t 1 9 8 5 . I RT a l s o 
p r o d u c e d mo r e  s t o r ag e  t h an Co n t r o l  i n  1 9 8 5 , b u t t h e m e a n s 
we r e  n o t s i g n i f i c an t l y d i f f e r e n t . Th e s e  i n t e r a c t i o n 
r e s u l t s a r e  i d e n t i c a l  t o  t h o s e  i n  t h e  S p r i n k l e r  S t u d y .  
Y e a r l y  m e a n s , s p r i n k l e r m e a n s a n d  y e a r - b y - s p r i n k l e r 
i n t e r a c t i o n ( I )  me an s w e r e  s i g n i f i c an t l y  d i f f e r e n t  ( Ta b l e  
1 6 ) . N o  s i g n i f i c an t d i f f e r e n c e s  o c c u r r ed amo ng s e c o nd a r y 
Ta b l e  1 6 . S t a t i s t i c a l  an a l y s i s  s umma r y  o f  t o t a l  e v a p o ­
t r a n s p i r a t i o n f o r t h e  s p r i nk l e r s t u d y . 
S o u r c e  DF S um o f  F PR > F R Co e . 
___ _ __ _ _ _ _ _ _ _ _ _ _ _  s�u����---Y�lu� _ _ _ _ _ _ _ _ _ _ _ _  Sgu���---Y��� 
Mod e l  2 3  7 6 1 6 0 . 9  5 5 . 2 1  0 . 0 0 0 1 0 . 9 9 3 7 2 . 1 3 
E r r o r 8 4 7 9 . 8  
Co r To t 3 1  7 6 6 4 0 . 7  
y 4 4 2 3 9 5 . 2  1 7 6 . 7 3  0 . 0 0 0 1  
· sT 1 1 6 5 . 3  2 • 7 6 0 . 1 3 5 4  
SP  3 1 3 8 7 4 . 0  7 7 . 1 1 0 . 0 0 0 1  
y * ST 4 6 3 8 . 2  2 • 6 6 0 . 1 1 1 4 
y * S P  8 2 3 6 4 . 7  4 .  9 3 0 . 0 1 8 4  
ST*SP 3 1 6 5 . 9  0 • 9 2 0 . 4 7 2 8 
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ta b l e  1 7 . Co n t i nu ed . 
V a r i ab l e  o r  I n t e r ac t i o n L e a s t - S qu a r e s  
Mean * 
----------------- - - - - - - - - - - - - - - -imml ____ _ 
( I  ) 
1 9 8 1  * l - 3 4 4  
1 9 8 1  * 1 - 1 7 2  
1 9 8 2  * 1 - 3 4 4  
1 9 8 2  * 1 - 1 7 2  
1 9 8 2  * S - 1 0 3  
1 9 8 3  * 1 - 3 4 4  
1 9 8 3  * 1 - 1 7 2  
1 9 8 3  * S - 1 0 3 
1 9 8 3  * D - 4 1 
1 9 8 4  * 1 - 3 4 4  
1 9 8 4  * 1 - 1 7 2 
1 9 8 4  * S - 1 0 3  
1 9 8 4 * D - 4 1  
1 9 8 5  * 1 - 1 7 2  
1 9 8 5 * S - 1 0 3 
1 9 8 5  * D - 4 1 
2 4 6 a  
2 6 6 b 
3 3 4 a:  
3 8 4b 
3 5 1 a 
3 4 2 a  
3 9 8 b c  
3 8 1 b c  
4 0 1 b d  
3 4 1 a  
4 1 6 b  
3 9 6 c  
4 2 6 d  
3 8 0 a  
3 7 5 a 
3 9  O a  
5 0  
* L e a s t - s q u a r e s  m e an s w i t h  t h e  s am e  l e t t e r a r e  n o t  s t a t i s ­
t i c a l l y  d i f f e r e n t  a t  t h e 5 %  l e v e l . M e a n  c o m p a r i s o n s  
w i t h i n  t h e i n t e r a c t i o n a r e  o n l y  p o s s i b l e  a m o n g  a 
p a r t i c u l a r y e a r . 
S t a t i s t i c a l  d i f f e r e n c e s  o c c u r r e d a m o n g  y e a r l y  m e a n s , 
p r i m a r y  t i l l a g e  m e a n s a n d  s e c o n d a r y  t i l l a g e - b y - p r i ma r y  
t i l l a g e  i n t e r a c t i o n ( I ) m e a n s  ( T a b l e  1 8 ) .  N o  s i g n i f i c a n t 
d i f f e r e n c e s o c c u r r e d am o n g s e c o n d a r y  t i l l a g e  m e a n s o r  
y e a r - by - p r i m a r y  t i l l ag e  m e a n s . 
Ye a r l y  mean s we r e  3 6 4 , 3 5 7 , 4 4 2  and  3 8 0 mrn f o r  
y e a r s 1 9 8 2 , 1 9 8 3 , 1 9 8 4  a nd 1 9 8 5 , r e s p e c t i v e l y ( Ta b l e  1 9 ) .  
5 1  
Tab l e  1 8 . S t a t i s t i c a l  a n a l y s i s  s umm a r y  o f  t o t a l  e v ap o ­
t r an s p i r a t i o n f o r t h e  p r i m a r y  t i l l ag e  s t u d y . 
s o��c;-----nF----8��-�r------F-----PR_>_F _____ R 
______ c�e: 
_________________ Sgua���---Yalu� ____________ Sgy���---Ya�� 
Mo d e l 1 4  3 1 3 2 1 . 6  2 8 . 6 1  0 . 0 0 0 1  0 . 9 7 8 0  2 . 2 9 
E r r o r  9 7 0 3 . 8 
Co r To t 2 3  3 2 0 2 5 . 3  
y 3 2 7 0 1 8 . 3  1 1 5 . 1 8 0 . 0 0 0 1  
PT 2 1 6 0 2 . 6  1 0 . 2 5 0 . 0 0 4 8 
ST 1 6 0 . 2 0 . 7 7  0 . 4 0 3 2  
y *PT 6 1 2 1 2 . 4  2 .  5 8  0 . 0 9 7 0  
ST* PT 2 1 4 2 8 . 1  9 . 1 3  0 . 0 0 6 8  
--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - - - - - -
Ye a r l y  me a n s  we r e  s i g n i f i c a n t l y d i f f e r e n t  f r om e ac h  o t h e r  
e x c e p t f o r y e a r s 1 9 8 2  a n d  1 9 8 3 . P r i m a r y  t i l l a g e  me an s 
w e r e  3 9 4 , 3 8 9 a n d 3 7 5 m m  f o r  P l o w i n g ,  D i s k i n g a n d  
T i l l -P l an t i ng ,  r e s p e c t i v e l y .  T i l l - P l a n t i n g p r o d u c e d  s i g -
n i f i c an t l y  l e s s  t o t a l  e v a p o t r an s p i r a t i on t h an P l ow i ng and 
D i s k i n g .  S i n c e  t h e  T i l l - P l a n t  t r e a t m e n t p r o d u c e d 
c on s i d e r a b l y  mo r e  r e s i d u e  c o v e r  t h a n  t h e P l ow a n d  D i s k  
t r e a t m e n t s , t h i s  d e c r e a s e i s  p r o b a b l y  d u e p a r t l y t o  
r ed u c e d  s o i l ev a p o r a t i on .  
I RT m e a n s  f o r i n t e r a c t i o n I we r e  3 9 0 ,  3 8 0  a n d  3 8 4 
mm f o r P l ow i n g ,  D i s k i n g a n d  T i l l - P l a n t i n g ,  r e s p e c t i v e l y  • 
. No s i g n i f i c an t d i f f e r e n c e s  o c c u r r e d am ong t h e s e I RT m e a n s . 
Co n t r o l  m e a n s w e r e  3 9 8 , 3 9 9 a n d  3 6 6  mm f o r  P l o w i n g , 
D i s k i n g  a n d  T i l l -P l a n t i n g ,  r e s p e c t i v e l y .  T i l l - P l an t i ng 
p r o du c e d s i g n i f i c a n t l y  l e s s  t o t a l  e v ap o t r a n s p i r a t i o n t h a n  
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Tab l e  1 9 . L e a s t - s q u a r e s  me a n s o f  t o t a l  e v a p o t r a n s p i r a t i o n 
v a r i ab l e s and  i n t e r a c t i on s  f o r  t h e  p r i m a r y  
t i l l ag e  s t u d y . 
Va r i a b l e  o r  I n t e r a c t i o n L e a s t - S q u a r e s  
Mean * 
_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  imml _ _ _ _  _ 
1 9 8 2  
1 9 8 3  
1 9 8 4 
1 9  8 5  
P l ow 
D i s k  
T i l l -P l a n t  
( I ) 
I RT * P l ow 
I RT * D i s k 
I RT * T i l l -P l an t  
Con t r o l  * P l ow 
Co n t r o 1 * D i s k 
Co n t r o l  * T i l l -P l a n t  
3 6 4a 
3 5 7 a  
4 4 2 b 
3 8 0 c  
3 9 4 a  
3 8 9 a  
3 7 5b 
3 9 0 a  
3 8 0 a 
3 8 4 a 
3 9 8 a 
3 9 9 a  
3 6 6 b  
* L e a s t - s q u a r e s  mean s w i t h  t h e  s am e  l e t t e r  a r e  n o t  s t a t i s ­
t i c a l l y  d i f f e r e n t  a t  t h e  5 %  l e v e l . M e a n  c omp a r i s o n s  
w i t h i n  t h e i n t e r a c t i o n a r e o n l y  p o s s i b l e  a m o n g a 
p a r t i cu l a r s e c o nd a r y  t i l l ag e  t r e a tme n t . 
P l ow i n g  a n d  D i s k i n g .  I RT m e a n s w e r e  l e s s  t h a n Co n t r o l  
m e an s f o r  P l ow i ng a n d D i s k i n g b u t  n o t f o r  T i l l - P l a n t i n g .  
£1y��l . Ye a r l y  and  s p r i n k l e r m e a n  d i f f e r e n c e s  o c c u r r e d 
( T a b l e  2 0 ) .  N o  s i g n i f i c a n t  d i f f � r e n c e s  o c c u r r e d amo n g  
s e c on d a r y  t i l l a g e  me a n s o r  i n t e r a c t i on m e a n s f o r  y e a r - b y -
s e c o nd a r y t i l l ag e , y e a r - by - s p r i nk l e r a nd s e c o nd a r y  
Ta b l e  2 0 . S t a t i s t i c a l  an a l y s i s  s umma r y  o f  av e r a g e  d a i l y 
e v a p o t r a n s p i r a t i on f o r  t h e  s p r i n k l e r s t u dy . 
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------- - - - - - - - - - - - - - -- - - - - - - - - - - - -- - - - ---- - - - - - -- - - - - - - - -
S o u r c e  DF S um o f  F PR > F R Co e . 
-----------------S�Y����---Y�1Y�------------S�y���---Y��� 
Mod e l  2 3  1 6 . 6 2  2 9 . 9 4 0 . 0 0 0 1 0 . 9 8 8 5  2 . 2 7 
E r r o r 8 0 . 1 9 
Co r To t 3 1  1 6 . 8 1  
y 4 5 . 4 8  5 6 . 7 3  0 . 0 0 0 1 
ST 1 0 . 0 6 2 . 2 9 0 . 1 6 8 4 
SP 3 4 . 7 2  6 5 . 1 3 0 . 0 0 0 1 
y * ST 4 0 . 2 3  2 . 4 2  0 • 1 3  3 6  
y * S P 8 0 .  6 3 3 . 2 6 0 . 0 5 7 2 
ST* S P  3 0 . 0 8 1 . 0 7 0 . 4 1 3 3  
------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - -
t i l l a g e - by - s p r i n k l e r . A c omp l e t e  a n a l y s i s  o f  y e a r l y  a n d  
s p r i n k l e r  m e a n s  wa s i mp o s s i b l e  d u e  t o  m i s s i ng d a t a ( Ta b l e  
2 1 ) .  Howe v e r , y e a r l y  m e a n s  w e r e  s i g n i f i c a n t l y d i f f e r e n t  
b e t we en y e a r s  1 9 8 3  ( 6 . 7 mm ) an d 1 9 8 4  ( 7 . 1  mm ) .  
AY���i�-D�il�_Ey��21��n��i��1i2n_1f�lmaL�-Iill��� 
a1���1 . S i g n i f i c a n t d i f f e r e n c e s  o c c u r r e d am o n g y e a r l y  
me a n s , p r i m a r y  t i l l a g e  m e a n s a n d  s e c o n d a r y  t i l l a g e -
by - p r i ma r y  t i l l a g e  i n t e r a c t i o n ( I )  m e a n s  ( T a b l e  2 2 ) .  No  
s i g n i f i c a n t d i f f e r e n c e s  o c c u r r e d  amo n g  s e c o n d a r y  t i l l a g e  
me a n s  o r  i n t e r a c t i o n me a n s  f o r  y e a r - b y - p r i ma r y  t i l l ag e  a nd 
� e a r - b y - s e c on d a r y  t i l l a g e . 
Y e a r l y  m e a n s we r e  6 . 5 ,  6 . 7 , 7 . 9 a n d  8 . 1  mm f o r  
y e a r s  1 9 8 2 , 1 9 8 3 , 1 9 8 4  a n d  1 9 8 5 , r e s p e c t i v e l y ( Ta b l e  2 3 ) .  
Th e 1 9 8 2  a n d  1 9 8 3  m e a n s  we r e  s i g n i f i c a n t l y  l e s s  t h an t h e 
Tab l e  2 1 .  Le a s t - s q u a r e s  me a n s o f  av e r ag e  da i l y  e v a p o ­
t r an s p i r a t i on v a r i ab l e s f o r  t h e  s p r i n k l e r 
s t u dy . 
V a r i ab l e  o r  I n t e r a c t i o n L e a s t - S q u a r e s  
Mean * 
_______________ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _  imml ____ _ 
1 9 8 1  I NEST 
1 9 8 2  I NEST 
1 9 8 3  6 . 7 a 
1 9 8 4 7 . 1 b  
1 9 8 5 I NEST 
1 - 3 4 4  I NEST 
I - 1 7 2  7 . 0 
S - 1 0 3 I NEST 
D - 4 1 I NEST 
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* L e a s t - s q u a r e s  mean s w i t h  t h e s am e  l e t t e r a r e n o t  s t a t i s ­
t i c a l l y  d i f f e r e n t  a t  t h e  5 %  l e v e l . 
Ta b l e  2 2 . S t a t i s t i c a l  an a l y s i s  s umma r y  o f  a v e r ag e  d a i l y 
e v ap o t r an s p i r a t i o n f o r t h e  p r i ma ry t i l l a g e  
s t udy . 
�-------------------- - - - - - - - - - - - - - - - - - - -------- - - - - - - -- - -
S ou r c e  DF S um o f  F PR > F R Co e .  
-----------------S�lUU:��---Y11lY.e _ _ _ _ _ _ _ _ _ _ _ _  S�llll1:.e ___ y.a_r. ... 
M od e l  1 7  9 . 0 5 1 6 . 8 1  0 . 0 0 1 1  0 . 9 7 9 4  2 . 4 9  
E r r o r 6 0 . 1 9  
Co r To t 2 3  9 . 2 4  
y 3 7 . 4 5  7 8 . 4 0  0 . 0 0 0 1  
PT 2 0 . 5 4  8 . 5 8  0 . 0 1 7 4  
ST 1 0 . 0 1  0 . 3 3  0 . 5 8 7 1  
y * PT 6 0 . 4 2  2 . 2 3  0 . 1 7 6 3  
y · * ST 3 0 . 0 4  0 . 4 3  0 . 7 3 6 5 
ST*PT 2 0 . 5 8  9 . 2 1  0 . 0 1 4 8  
---- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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1 9 8 4  a n d  1 9 8 5  m e a n s . P r i ma r y  t i l l a g e  me an s we r e  7 . 3 ,  
7 . 2 a n d  6 . 9 mm f o r  P l ow i n g , D i s k i ng and  T i l l -P l an t i n g ,  
r e s p e c t i v e l y . T i l l -P l an t i n g p r o d u c e d s i g n i f i c a n t l y l e s s  
a v e r ag e  d a i l y e v a p o t r an s p i r a t i on t h a n  P l ow i n g and  D i s k i n g .  
I RT m e a n s  i n  i n t e r a c t i o n I we r e  7 . 2 , 7 . 0  a nd 7 . 1 
mm f o r  P l ow i n g , D i s k i n g a n d T i l l - P l a n t i n g ,  r e s p e c t i v e l y . 
No  s i g n i f i c an t  d i f f e r e n c e s  o c c u r r e d amo n g  · I RT me a n s . 
Ta b l e  2 3 . Le a s t - s q u a r e s  me an s o f  a v e r ag e  d a i l y ev a p o ­
t r a n s p i r a t i o n v a r i a b l e s a n d  i n t e r ac t i on s  f o r 
t h e  p r i ma r y  t i l l a g e  s t u d y . 
V a r i a b l e o r  I n t e r a c t i o n Le a s t - S q u a r e s  
Mean * 
_______ _ _ _ _ _ _ _ _ __ _ ___ _ _ _ _ _ _ _ __ _ _ imml _ _ __ _ 
1 9 8 2 
1 9 8 3  
1 9 8 4  
1 9 8 5  
P l ow 
D i s k  
T i l l -P l a n t  
( I ) 
I RT * P l ow 
I RT * D i s k 
I RT * T i l l -P l an t  
Co n t r o l  * P l ow 
Con t r o l  * D i s k 
Co n t r o l  * T i l l -P l a n t  
6 . 5 a 
6 . 7 a  
7 . 9 b 
8 . 1 b 
7 . 3 a 
7 . 2 a 
6 . 9 b 
7 . 2 a  
7 . 0 a 
7 . 1 a 
7 . 4a  
7 . 4 a  
6 .  8 b  
* L e a s t - s q u a r e s  m e a n s w i t h  t h e  s am e · l e t t e r  a r e  n o t  s t a t i s ­
t i c a l l y d i f f e r e n t  a t  t h e 5 %  l e v e l . M e a n  c o m p a r i s o n s  
w i t h i n  t h e i n t e r a c t i on a r e  on l y  p o s s i b l e  f o r  a p a r t i c u l a r 
s e c on d a r y  t i l l ag e  t r e a tm e n t . 
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C o n t r o l  m e a n s w e r e  7 . 4 ,  7 . 4 a n d  6 . 8 mm f o r  P l ow i n g , 
D i s k i ng a n d  T i l l -P l a n t i n g ,  r e s p e c t i v e l y .  T i l l - P l a n t i n g 
p r o d u c e d s i g n i f i c a n t l y l e s s  a v e r a g e  d a i l y e v a p o t r a n ­
s p i r a t i o n t h an e i t h e r  P l ow i n g  o r  D i s k i ng .  
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COKCLUSIOKS 
1 .  Ca l cu l a t e d  s e a s on a l ( 5 2  d ay s ) d e ep p e r c o l a t i o n 
a v e r a g e d  f o u r  mm u n d e r a v e r y w e t s o i l a n d z e r o  r u n o f f  
c o nd i t i on s . De ep p e r c o l a t i o n s h o u l d  b e  n eg l i g i b l e  d u r i n g 
t h e  i r r i g a t i on s e a s on . 
2 .  Ap p r o x i ma t l y  8 0 % o f  t o t a l  wa t e r  i np u t s  wa s 
i r r i g a t i o n a n d  t h e r em a i n d e r  w a s p r e c i p i t a t i o n d u r i n g a 
s t u d y  p e r i o d f r o m l a t e  J u n e  t o  m i d  Au g u s t . S u r f a c e  
r un o f f ,  s o i l wa t e r s t o r ag e  a nd e v a p o t r a n s p r i a t i o n v a l u e s  
we r e  8 ,  - 8  a n d  1 0 0 %  o f  t o t a l  wa t e r  i np u t v a l u e s d u r i ng t h e  
s t u d y  p e r i od .  
3 .  P r i ma r y  t i l l ag e  p r a c t i c e s  p r od u c e d v a r i ab l e  
r e s p o n s e s  o n  t h e  w a t e r  b a l a n c e  p a r am e t e r s . D i s k i n g 
p r od u c ed t h e l ea s t s u r f a c e  r u n o f f ,  P l ow i n g t h e  l e a s t s o i l 
w a t e r  s t o r a g e  a n d  T i l l - P l a n t i n g t h e  l e a s t e v a p o t r a n ­
s p i r a t i on .  
4 .  Th e i n t e r - r ow ( I RT ) s e c on d a r y  t i l l ag e  t r e a t ­
m e n t , w h e n  c omp a r e d t o  t h e C o n t r o l  t r e a t m e n t , r e d u c e d 
s u r f a c e  r u n o f f  a n d  i n c r e a s e d s o i l w a t e r  s t o r a g e  b u t d i d 
n o t a f f e c t  t o t a l e v a p o t r a n s p i r a t i o n .  T h e I RT p r a c t i c e  
m o d e r a t e d r u n o f f d i f f e r e n c e s  amo n g  s p r i n k l e r s  and p r i ma r y  
t i l l a g e  t r e a t m e n t s  w h i c h w e r e  d e t e c t e d f o r  t h e Co n t r o l  
s e c on d a r y  t r ea tme n t . 
5 .  A d e c r e a s e i n  s p r i nk l e r  p r e s s u r e  p r od u c e d  a n  
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i nc r e a s e  i n  s u r f ac e  r u n o f f a n d  a d e c r e a s e i n  s o i l  w a t e r 
s t o r a g e . S p r i n k l e r s  w i t h  s i m i l a r w a t e r i n p u t s  h a d n o  
e v a p o t r a n s p i r a t i o n d i f f e r en c e s . 
6 .  Ye a r l y  ev ap o t r an s p i r a t i on m e an s r an g ed f r om 
6 . 5 t o  7 . 9 mm/ d ay a nd a v e r ag e d 7 . 1  nun/ d a y . 
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ECOBOII C ABALYSIS 
IRTRODUCFIOR 
Th e p r e v i ou s s e c t i on s  p r e s e n t e d an  an a l y s i s  o f  t h e  
w a t e r c y c l e  u n d e r  t h e  v a r i o u s  t i l l a g e / s p r i n k l e r  c omb i ­
n a t i on s . Wh i l e t h e s e d a t a  a r e b e n e f i c i a l t o  t h e en g i n e e r , 
t h e e c on om i c  f e a s i b i l i t y o f  t h e s e  v a r i o u s  c omb i n a t i on s  i s  
o f  u l t i ma t e  i mp o r t a n c e  t o  t h e  p r o d u c e r . T h e d e v e l o p me n t 
o f  a n  e c o n om i c  an a l y s i s  m e t h od o l o gy a n d  t h e  r e s u l t s  o f  a n  
e c on om i c  a n a l y s i s  w i l l  b e  p r e s e n t e d  i n  t h i s  s e c t i on o f  t h e  
t h e s i s .  
6 0  
LITBRATURB REVI EW 
lLLi��1i2n_s��1�m� 
T h e o p e r a t i ng e n e r g y  r e q u i r e m e n t  o f  an i r r i g a t i on 
s y s t em d ep e nd s  on a n umb e r  o f  v a r i ab l e s , ma ny o f  wh i c h a r e 
s i t e - s p e c i f i c ( Th omp s on e t  a l . ,  1 9 8 3 ) .  Con s e qu e n t l y , mo s t  
l i t e r a t u r e  c omp a r e s  d i f f e r en t  t y p e s  o f  i r r i g a t i o n s y s t em s  
o r  d e t e rm i n e s  r e l a t i v e en e r gy d i f f e r e n c e s  f o r a p a r t i c u l a r 
s y s t e m d u e  t o  c h a n g e s  i n  o n e o r  m o r e  o f  t h e  
e n e r gy - e qu a t i o n v a r i a b l e s . On l y  o n e emp i r i c a l  i n v e s t i ­
g a t i o n w a s f o u n d i n  t h e l i t e r a t u r e . A l l o t h e r  s t u d i e s 
an a l y z e d  hy p o t h e t i c a l  c a s e s  u s i ng a s s umed v a r i ab l e s c ommon 
t o  a p a r t i c u l a r g e o g _r a p h i c a l  a r e a  a n d / o r  i r r i g a t i o n 
s y s t em .  Ge n e r a l l y , t h e  s t u d i e s · c o n c l u d e d t h a t  p r e s s u r e  
r e d u c t i o n i s  a n  e f f e c t i v e e n e r g y s a v i n g  p r a c t i c e  i f  
i r r i g a t i o n e f f i c i e n c y  i s  n o t  s i g n i f i c a n t l y  d e c r e a s e � . 
P e r c e n t ag e  e n e r g y s a v i n g s , d u e t o  a p a r t i c u l a r p r e s s u r e  
·r ed u c t i on ,  d e c r e a s e a s  s t a t i c  l i f t  i nc r e a s e s . 
P o t e n t i a l i r r i g a t i o n e n e r g y s a v i n g s  d u e t o  a 
r ed u c t i on i n  n e t  d ep t h  o f  i r r i g a t i on ,  a r e d u c e d  t o t a l h e a d  
( l o w e r p r e s s u r e  r e q u i r em e n t ) ,  i m p r o v e d  p ump i n g p l a n t  
e f f i c i e n c y  a n d i n c r e a s e d i r r i g a t i o n e f f i c i e n c y  we r e  
i n v e s t i g a t e d b y  G i l l e y a n d  W a t t s _ ( 1 9 7 7 ) .  G r a p h s w e r e  
d e v e l o p e d  t o  i l l u s t r a t e  t h e  p o t e n t i a l p e r c e n t  e n e r g y 
s a v i ng s  i n  t e rms o f  f i n a l - t o - i n i t i a l v a l u e r a t i o s o f  t h e  
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a b o v e -m e n t i o n e d v a r i a b l e s . T h e s e g r a p h s  w e r e u s e d  t o  
c a l c u l a t e  p o t en t i a l en e r g y s av i ng s  d u e  t o  i mp r o v em e n t s  i n  
on e o r  mo r e  o f  t h e  v a r i ab l e s f o r a s s um e d  c o nd i t i on s  c ommo n 
t o  N e b r a s k a . P o t e n t i a l s a v i n g s  r a n g e d f r om 1 1  t o  6 2 % ,  
d e p e n d i ng o n  t h e  t y p e  o f  e n e r gy s o u r c e  a n d  t h e  n umb e r  o f  
v a r i ab l e  i mp r o v em en t s . 
G i l l e y a n d  M i e l k e ( 1 9 8 0 ) an a l y z e d  t h e · p r ob l em s  o f  
r e d u c e d - p r e s s u r e  c e n t e r - p i v o t  s y s t em s , p r e s e n t e d p o s s i b l e  
s o l u t i o n s  t o  t h e s e p r o b l em s  a n d  s h o w e d  t h e  p o t e n t i a l 
e n e r g y s a v i n g s  o f  r e d u c e d p r e s s u r e . Th e o n l y  v a r i a b l e s 
c o n s i d e r e d i n  t h e e n e r g y s a v i n g a n a l y s i s  w e r e  t o t a l  
d y n am i c  h e a d ( a  f u n c t i o n o f  s t a t i c  l i f t , s p r i n k l e r 
p r e s s u r e  a n d  f r i c t i o n l o s s ) a n d  i r r i g a t i o n e f f i c i e n c y . 
V a r i o u s  g r a p h s w e r e  p r e s e n t e d r e l a t i n g p r e s s u r e  r a t i o ,  
l i f t - t o - p r e s s u r e  r a t i o  and p e r c e n t  e n e r g y  s av i n g s . I t  wa s 
s h own t h a t  f o r a l ow l i f t - t o -p r e s s u r e  r a t i o  ( e . g .  0 . 2 )  a 
5 0 % r e d u c t i o n i n  p i v o t  p r e s s u r e  p r o d u c e d a 4 2 %  e n e r g y 
s a v i n g s . T h i s  s a m e  p r e s s u r e  r e d u c t i o n f o r a l a r g e r  
l i f t - t o - p r e s s u r e  r a t i o  ( 1 . 5 )  o n l y  r e s u l t e d i n  a 2 0 %  e n e r g y  
s av i ng s . A g r a p h  i l l u s t r a t i n g t h e  b r e ak - e v e n  an a l y s i s  f o r  
r e d u c e d - p r e s s u r e  c en t e r - p i v o t  s y s t em s  w a s a l s o i n c l u d e d . 
F o r  a g i v e n l i f t - t o - p r e s s u r e r a t i o  a n d  a g i v e n  p i v o t  
p r e s s u r e  r a t i o , t h e  g r a p h  c o  u 1 d_ b e  u s e d  t o  f i n  d t h e  
m a x i mu m  a l l ow a b l e  c h a n g e  i n  i r r i g a t i o n e f f i c i e n c y  t o  
ma i n t a i n  a p o s i t i v e e n e r gy s a v i ng s . 
Wh i t e a n d  S t u t l e r ( 1 9 8 0 ) p r e s e n t ed a p r oc e d u r e  t o  
a n a l y z e  t h e e c o n om i c  f e a s i b i l i t y o f  i r r i g a t i o n p ump i ng 
p l an t  i mp r o v emen t s . E c o n om i c  c o n s i d e r a t i o n s  i n c l u d e d t h e 
t i m e  v a l u e o f  mon e y  ( t e rm a n d  i n t e r e s t r a t e ) ,  e n e r gy c o s t 
e s c a l a t i o n ,  i n c o m e  t a x i n c r e a s e s , d e p r e c i a t i o n a n d 
i nv e s tme n t c r ed i t .  Th e u s e f u l  l i f e o f  r e p a i r  i n v e s t m e n t s 
w a s  t h e  d o m i n a n t  v a r i a b l e  o f  t h e  a s s u m e d  e c o n o m i c  
c on d i t i o n s  ( i n t e r e s t r a t e , p r i c e e s c a l a t i o n a n d  u s e f u l  
l i f e ) ,  wh i l e t h e i n t e r n a l r a t e  o f  r e t u r n  wa s t h e p r i n c i p a l  
f a c t o r  a f f e c t i ng t h e  f i n a l  i n v e s t m e n t d e c i s i on .  I n t e r n a l  
r a t e  o f  r e t u r n  i s  t h e  i n t e r e s t r a t e  r e c e i v e d  o n  t h e  r e p a i r  
i n v e s t m e n t i f  t h e  e f f i c i e n c y  o f  t h e  p um p i n g p l a n t  i s  
i n c r e a s e d  t o  a n  a n t i c i p a t e d e f f i c i e n c y . Th e a u t h o r s 
c on c l u d e d t h a t  c ommon l y  u s ed e s t i m a t e s  t o  an a l y z e ec on om i c  
f e a s i b i l i t y o f  p ump i n g p l a n t  r e p a i r a r e c o n s e r v a t i v e l y 
i n a d e q u a t e w h e n  e s c a l a t i on o f  e n e r gy c o s t s  and i n c ome t ax 
i mp l i c a t i on s  a r e  c on s i d e r e d . 
T r ad e - o f f s  b e t w e e n  p um p i n g e n e r g y r e q u i r em e n t s , 
emb od i ed e n e r gy r e q u i r eme n t s , wa t e r r e q u i r em e n t s  a n d  c o s t s  
f o r  a w i d e  r a n g e  o f  i r r i g a t i o n s y s t e m d e s i g·n s  u n d e r  
a s s um e d c r o p a n d  s i t e c o nd i t i o n s  ( c o t t o n g r own i n  t he S a n  
. J o a qu i n  Va l l ey o f  Ca l i f o r n i a )  w e r e  a n a l y z e d  b y  H ag an a n d  
Ro b e r t s ( 1 9 8 1 ) .  An i n ex p e n s i v e ,  l ow - e n e r gy s u r f a c e  w a t e r  
s u p p l y  w a s a s s um e d . T o t a l  p um p i n g e n e r g y f o r  a c e n t e r  
p i v o t  s y s t em e q u i p p e d w i t h  l o w - p r e s s u r e  ( 2 7 6  k P a ) i mp ac t 
6 3  
h e ad s  wa s 2 1 % g r e a t e r  t h a n  a s y s t em w i t h  l ow- p r e s s u r e  ( 1 3 8  
k P a ) s p r ay n o z z l e s , e v e n  t h o u g h  t h e  i mp a c t  s p r i nk l e r s  u s e d 
s i x p e r c e n t  l e s s  i r r i g a t i o n wa t e r t h a n  t h e  s p r a y  n o z z l e s . 
T h e d i f f e r e n c e  i n  w a t e r  u s e  o c c u r r e d b e c a u s e  t h e s y s t em 
w i t h  s p r ay n o z z l e s i r r i g a t e d  m o r e  t i m e s w i t h  a s l i g h t l y  
l ow e r a p p l i c a t i o n d e p t h  i n  o r d e r  t o  a l l e v i a t e  r u n o f f 
p r o b l em s  c a u s e d b y  t h e  h i g h  a p p l i c a t i o n i n t e n s i t y o f  t h e  
s p r ay n o z z l e s . 
B o s c h  e t  a l . ( 1 9 8 2 ) d e s c r i b e d a m e t h o d o l og y  t o  
d e t e r m i n e  t h e  e n e r g y s a v i n g s  a s s o c i a t e d w i t h  a c e n t e r  
p i v o t  s y s t e m p r e s s u r e  r e d u c t i o n .  W o r k s h e e t s  w e r e  
p r e s e n t e d u s i n g Wh i t e a n d S t u t l e r ' s p r o c e d u r e  t o  d e t e rm i n e 
t h e  e c o n om i c  f e a s i b i l i t y o f  c o n v e r t i n g a c e n t e r  p i v o t  
i r r i g a t i o n s y s t em f r om h i g h  t o  l ow p r e s s u r e . 
E c o n om i c  b e n e f i t s o f  g a t e d - p i p e s u r f a c e  a n d  c en t e r  
p i v o t  s p r i n k l e r i r r i g a t i o n s y s t em s  f o r  s e v e r a l  i n i t i a l  
o p e r a t i n g c o n d i t i o n s  w e r e  a n a l y z e d  b y  G i l l ey and S up a l l a  
.
( 1 9 8 3 ) .  P r e s s u r e  r e d u c t i o n wa s t h e  mo s t b e n e f i c i a l e n e r gy 
s av i n g p r a c t i c e f o r a c e n t e r  p i v o t  s y s t em ,  f o l l ow e d  b y  
p ump i ng p l an t  a d j u s tm e n t , i r � i g a t i o n w a t e r  man a g eme n t  a n d  
i r r i g a t i on a p p l i c a t i on e f f i c i e n c y . 
V o n  B e r n u t h  a n d  G i l l ey ( 1 9 8 5 ) d e s c r i b e d  a p r oc e s s 
t o  e c o n om i c a l l y  c omp a r e  a p p l i c a t i - o n  p a c k a g e s . P um p i ng 
p ow e r r e q u i r em e n t s w e r e  d i v i d e d  b y  a r u n o f f  f a c t o r  t o  
o b t a i n r e l a t i v e p ump i n g p ow e r  ( RP P ) . RP P wa s c omp a r e d  
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w i t h  a c t u a l  p u m p i n g c o s t s  t o  d e t e r m i n e  t h e  b e s t 
a p p l i c a t i on o p t i on .  V a l u e s  o f  RP P  w e r e  l i s t e d  f o r  v a r y i ng 
f l ow r a t e s , p u m p i n g l i f t s , s o i l  t y p e s , a p p l i c a t i o n 
p ac k a g e s  and  s u r f a c e  s t o r ag e  d e p t h s . 
T ay l o r ( 1 9 8 6 ) p r e s e n t ed r e s u l t s  f r om a n  emp i r i c a l  
s t u d y  o f  r ed u c ed p r e s s u r e  i r r i g a t i on s y s t em s  i n  B r ook i ng s  
Cou n t y ,  SD . A f i e l d  s u r v ey o f  3 7  i r r i g a t o r s  o p e r a t i n g 5 7  
e l e c t r i c a l l y  p o w e r e d c e n t e r p i v o t  s y s t e m s  f o r c o r n 
p r o du c t i o n w a s  p e r f o rm e d  i n  1 9 8 2 . P i v o t  p r e s s u r e s  r a n g e d  
f r om 1 5 0 t o  5 9 5 k P a  an d av e r a g ed 3 6 5  k P a . T h e i mp a c t o f  
r e d u c e d  p r e s s u r e o n  y i e l d  a n d  e n e r gy c o s t was  i d e n t i f i ed .  
Re s u l t s we r e  u s ed t o  a n a l y z e  t h e e c o n om i c s o f  i nv e s tme n t 
d ec i s i on s  f o r  i n i t i a l s y s t em p u r c h a s e a n d c o nv e r s i o n f r om 
h i g h  t o  l ow p r e s s u r e . N o  y i e l d - c h a n g e s  we r e  f ou nd w i t h  
r e d u c e d p r e s s u r e i r r i g a t i o n .  I t  w a s  s h own , h owe v e r , t h a t 
a r e l a t i v e l y s m a l l d e c r e a s e i n  y i e l d s  ( l e s s t h a n  f i v e  
p e r c e n t ) c o u l d  o u t w e i g h a ny b e n e f i t s o f  r e d u c ed p r e s s u r e  
� n e r gy s av i ng s . E n e r g y c o s t s  f o r t h e  h i g h p r e s s u r e  ( 5 1 5 
k P a )  p i v o t s  w a s $ 6 . 1 5 / h a  h i g h e r  t h a n t h a t  f o r  t h e l o w 
p r e s s u r e  ( 2 0 5 - k P a ) c en t e r p i v o t s , b u t t h i s  d i f f er e n c e w a s  
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t . H ow e v e r , a b o v e - n o r m a l 
p r e c i p i t a t i o n i n  1 9 8 2  r e d u c e d  t h e  i r r i g a t i o n d em a n d b y  
a p p r o x i m a t e l y  6 0 % .  Wh e n  t h e  n o rm a l i r r i g a t i o n d ema n d  wa s 
u s e d i n  t h e a n a l y s i s , a n n u a l  e n e r g y c o s t s av i ng s  w i t h  l ow 
r a t h e r  t h a n  h i g h p r e s s u r e s w e r e  f o u n d  t o  b e  b e t w e e n  $ 2 5 
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a n d $ 3 0 / h a , o r  b e t w e e n  # 1 3 3 5  a n d $ 1 6 0 0  p e r  c e n t e r  p i v o t  
p e r  y e a r . 
Iilla��-fLa�1i��� 
To t a l  t i l l ag e  e n e r gy r e qu i r em e n t i s  s i mp l y  t h e  s um 
o f  i n d i v i d u a l  t i l l a g e  e n e r g y r e q u i r e m e n t s . E n e r g y 
r e qu i r emen t s  v a r y  w i d e l y  amo n g  t i l l ag e  o p e r a t i on s  a n d  s o i l 
t y p e s . Mu c h  r e s e a r c h  h a s  b e e n  c o n du c t e d  i n  t h e l a s t  1 0  t o  
1 5  y e a r s c o n c e r n i n g e n e r g y r e q u i r e m e n t s  f o r t i l l a g e  
o p e r a t i o n s . M o s t o f  t h i s  r e s e a r c h  i n v o l v e d d i r e c t 
me a s u r emen t o f  d r a f t an d / o r  f u e l  c on s ump t i on f o r  a v a r i e t y  
o f  t i l l ag e  o p e r a t i o n s  a n d a p a r t i c u l a r s o i l ty p e . Th e r e  
i s  w i d e v a r i ab i l i t y ,  h owev e r , i n  e x p e r i m e n t a l  t e c h n i q u e s 
a n d  r e p o r t i n g p r o c e d u r e s . B ow e r s ( 1 9 8 5 ) a dd r e s s ed t h i s  
p r ob l em a n d  r e c ommen d ed s t a n d a r d - r e p o r t i ng p r oc ed u r e s  f o r  
U . S .  t i l l age  en e r gy s t ud i e s b a s e d  o n  1 9 8 4  A SAE S t a n d a r d s . 
S i n c e  s o i l t y p e i s  a n  i m p o r t an t  f a c t o r i n  t i l l ag e  e n e r g y  
u s ag e , t h e  f o l l ow i n g  l i t e r a t u r e  r e v i ew w i l l  o n l y  r e f e r e n c e 
·e x p e r i m e n t s  c on d u c t e d o n  s i l t l o am s o i l s . 
F r i s by a n d  S umme r s  ( 1 9 7 9 ) m e a s u r e d d r a f t a n d  f u e l  
c on s ump t i on f o r s i x t i l l ag e  a n d  two p l an t i n g i mp l emen t s  on  
M i s s ou r i s o i l s .  Dr a f t wa s me a s u r e d w i t h  a n  ex t e nd ed - r i ng ,  
s t r a i n g a u g e l o a d - c e l l ,  d r a w b a r  d y n am o m e t e r . F u e l  
c o n s u m p t i o n w a s m e a s u r e d u s i n g _ a v o r t e x f l o wm e t e r .  
Re s u l t s we r e  g i v e n  i n  t e r m s  o f  m e a n v a l u e s a n d s t a n d a r d  
d ev i a t i on .  
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Re s u l t s  f r om an  o n - f a rm s u r v ey o f  Ne b r a s k a  f a rme r s  
we r e  p r e s e n t e d by  S h e l t on e t  a l . ( 1 9 8 0 ) . Fu e l  c on s ump t i on 
f o r  t i l l a g e , p l a n t i n g ,  h a r v e s t i n g a n d  m i s c e l l a n e o u s 
o p e r a t i o n s  w a s m e a s u r e d u s i n g s u p p l y  t a n k  m e t e r s . 
We i gh t ed a v e r ag e , me a n  a n d  s t a n d a r d  d e v i a t i o n v a l u e s  we r e  
l i s t e d .  
G r i f f i t h a n d  P a r s o n s  ( 1 9 8 1 ) c o m p i l e d f u e l  
c o n s ump t i o n v a l u e s  f o r m o s t f i e l d  o p e r a t i on s  u s ed i n  c o r n  
p r od u c t i on .  T h e d a t a a r e  a v e r a g e s  o f  t h o s e r e p o r t ed i n  
e x t en s i o n p u b l i c a t i o n s  f r om s e v e r a l  Co r n  B e l t s t a t e s  f o r 
m o d e r a t e  d r a f t s o i l s  ( l e a rn s  a n d  s i l t  l e a rn s ) . F u e l  
c on s ump t i o n f o r  c o n v e n t i o n a l , c h i s e l  a n d  n o - t i l l  s y s t em s  
we r e  c omp a r ed u s i n g t h e s e v a l u e s . 
Dr a f t a n d  f u e l c on s ump t i o ri f o r a numb e r  o f  r e s i d u e  
p r e p a r a t i on ,  t i l l ag e , p l an t i n g a n d  w e e d  c on t r o l  p r o c e s s e s 
w e r e  m e a s u r � d b y  S t e p h e n s e t  a l . ( 1 9 8 1 ) .  T e s t s  w e r e  
c on d u c t ed i n  I owa and I l l i n o i s .  
S e l f  e t  a l . ( 1 9 8 3 ) m e a s u r e d d r a f t  a n d  p o w e r 
r e qu i r em e n t s f o r v a r i o u s  c omb i n a t i o n s  o f  s e v e n i mp l em e n t 
t y p e s . P r o j e c t i o n s  o f  t o t a l  p ow e r a n d f u e l r e q u i r eme n t s  
f o r p r i m a r y  a n d  s e c ond a r y  t i l l ag e  i mp l em en t s we r e  mad e . 
A l i t e r a t u r e  r e v i e w o f  t i l l a g e  e n e r g y d a t a f o r  
S ou t h ea s t e r n  U . S .  s o i l s  w a s c om p i l e d b y  B ow e r s  ( 1 9 8 5 ) .  
V a l u e s  f r om w o r k  d o n e o n  s i l t l o am s o i l s  b y  Tr o u s e  a nd 
Re a v e s ( 1 9 8 0 ) and  Duma s and  Ren o l l  ( 1 9 8 2 ) a r e l i s t e d .  
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PROCBDURB 
A c om p u t e r  m o d e l  w a s  w r i t t e n w h i c h a n a l y z e s  
p ump i ng r e q u i r emen t , t i l l ag e  s e qu e n c e a n d  c r o p y i e l d  f o r  
a n  i r r i g a t e d c r o p .  Ye a r l y  c o s t s  o f  t h e  a b ov e -me n t i on e d 
v a r i ab l e s c an b e  c a l c u l a t e d  f o r a g i v e n  p r o d u c t i o n  s y s t em .  
T h e m o d e l  a l s o  c a l c u l a t e s  t h e  e c o n om i c  f e a s i b i l i t y o f  
p o t e n t i a l m o d i f i c a t i o n s  t o  i r r i g a t i o n a n d / o r t i l l a g e  
s y s t e m s . M o d i f i c a t i o n s  a r e e c o n om i c a l l y  an a l y z e d  b y  
c omp a r i n g b e f o r e  a n d  a f t e r p r o d u c t i o n c o s t s , w i t h  t h e  
d i f f e r e n c e  c o n v e r t e d t o  a p r e s e n t  w o r t h v a l u e  f o r a n  
a s s u m e d  i n t e r e s t r a t e  a n d  t i m e  p e r i o d .  P r e s e n t  w o r t h 
r e p r e s e n t s  t h e m a x i m u m  a m o u n t - t h a t c a n b e  p r o f i t � b l y  
i n v e s t ed i n  t h e  mod i f i c a t i o n s . Th e m e t h o d o l o gy u s e d b y  
t h e  c omp u t e r m o d e l i s  o u t l i n e d  i n  t h e f o l l ow i n g s t ep s . 
B e f o r e a n d a f t e r v a l u e s  a r e s u b s c r i p t e d w i t h  a o n e  and 
two , r e s p e c t i v e l y .  
wh e r e  
����-1�--C�l�Yl�1�-�Ym�ini-�2�1-�1!!���n��� 
PCD = ( PE 1 - PE 2 ) 
* P EC - - - - - - - - - - - - - - - - - - - - - - - - - ( 7 )  
PE = ���l11_!_AR_!_D_!_H - - - - - - - - - - - - - - - - - - - - - - - - ( 8 ) 
E i  * Ep 
H = L + ( 0 . 1 0 2  * PR ) + F - - - - - - - - - - - - - - - - - - - - - - - ( 9 ) 
E i  = 1 - S - RU - DEP - - - - - - - - - - - - - - - - - - - - - - - - - - ( 1 0 ) 
PCD = p ump i ng c o s t d i f f e r e n c e ;  $ 
wh e r e  
PE = p ump i ng e n e r gy ; kWh 
PEC = p ump i ng e n e r gy c o s t ; $ /k Wh 
AR = i r r i g a t ed a r e a ;  h a  
D = y ea r l y  i r r i g a t i on r e qu i r eme n t ; mm 
H = t o t a l  d y n am i c h e a d ; m 
E i  = i r r i g a t i on e f f i c i e n c y ; d e c i m a l 
Ep = p ump i ng e f f i c i e n c y ; d e c i m a l 
L = s t a t i c  l i f t ;  m 
PR = s y s t em p r e s s u r e ; k P a 
F = f r i c t i on and m i n o r  l o s s ; m 
S = s p r ay l o s s  ( p e r c en t  o f  wa t e r l e av i ng t h e 
i r r i g a t i on s y s t em t h a t  f a i l s  t o  r e a c h  t h e  
c r op c an o p y ) ; d e c i ma l 
RU = r u no f f  ( p e r c € n t  o f  wa t e r r e a c h i ng t h e  c r op 
c an o py t h a t  f a i l s  t o  i n f i l t r a t e ) ; d e c i m a l 
DEP = d e e p  p e r c o l a t i on ( p e r c en t  o f  wa t e r  i n f i l ­
t r a t i ng t h a t  l e a c h e s  t h r ou g h  t h e  r o o t  z on e ) ;  
d e c i m a l 
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TCD 
TE 
= ( TE 1
- TE ) * TEC - - - - - - - - - - - - - - - - - - - - - - - - - ( 1 1 )  2 . 
= FC * AR - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - ( 1 2 )  
TCD = t i l l ag e  c o s t d i f f e r e n c e ;  $ 
TE = t i l l ag e  en e r gy ; L o f  f u e l  
TEC = t i l l ag e  en e r gy c o s t ;  $ /L 
FC = f u e l  c on s ump t i o n ;  L / h a  
AR = f i e l d  s i z e ;  h a  
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Y I D  = ( GY2 - GY1 ) 
* AR * GC - - - - - - - - - - - - - - - - - - - - - ( 1 3 )  
wh e r e 
Y I D  = y i e l d  i nc ome d i f f e r en c e ;  $ 
GY = g r a i n  y i e l d ;  k g / h a  
AR = f i e l d  s i z e ;  ha  
GC = g r a i n c o s t ;  $ / k g  
£1��-J� _ _  Cal�alAi�-��a�l�-�2�1-Qi!i���n��� 
CD = PCD + TCD + Y I D  - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 1 4 ) 
wh e r e  
CD = y e a r l y  c o s t d i f f e r e n c e ;  $ 
PCD = p ump i n g c o s t d i f f e r e nc e ; $ 
TCD = t i l l ag e  c o s t d i f f e r e n c e ;  $ 
Y I D  = y i e l d  i n c ome d i f f e r e nc e ; $ 
£1��-��--Ca��al���-����� n�_WQ��h_Qf_��a�L�-�Q�� 
d.iii�t..en��� 
wh e r e  
PW = CD * AF - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 1 5 ) 
. - n  
AF = l-=-11_±-�1-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 1 6 ) 
PW = p r e s e n t  wo r t h  o f  y e a r l y  c o s t d i f f e r e n � e ;  $ 
CD = y e a r l y  c o s t d i f f e r e n c e ; $ 
AF = amo r t i z a t i on f ac t o r ; u n i t l e s s  
i = i n t e r e s t r a t e ;  d e c i m a l 
n = p e r i od o f  a n a l y s i s ;  y e a r s 
T a y l o r ( 1 9 8 6 ) u s e d t h i s  s a m e  u n i f o r m - s e r i e s 
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am o r t i z a t i o n f a c t o r  t o  e v a l u a t e t h e  f e a s i b i l i t y o f  
i r r i g a t i on s y s t em c on v e r s i on i n  a s t u d y  whe r e  o n l y  s y s t em 
p r e s s u r e  w a s  a p e r t i n e n t p a r ama t e r . 
a1��-��--Cal�al�1�-�����n1_WQ��h-�i-��a�l�-�2�1 
diii���n��-a��amin�-��i��-�aLLaii�n�_iQ�1i�nall� T h e 
p r e c ed i ng an a l y s i s  i s  b a s e d  u p o n  c u r r e n t  p r i c e s . I f  p r i c e 
v a r i a t i o n s  a r e  e x p e c t e d i n  a n y  o f  t h e  c o s t v a r i a b l e s , 
E q u a t i o n s  7 ,  1 1  a n d / o r 1 3  mu s t  b e  mu l t i p l i e d b y  a f a c t o r 
a c c o u n t i ng f o r c h ang e s  i n  e n e r g y c o s t s , f u e l c o s t s  and / o r 
g r a i n  p r i c e s , r e s p e c t i v e l y .  Th i s  f a c t o r i s  d e t e rm i n e d 
u s i ng ( P e a r s on , 1 9 7 4 a s  c i t e d b y  T h omp s on e t  a l . ,  1 9 8 0 ) : 
wh e r e  
= 11_±-�1�-=-il_±_il� 
( 1  + r )  - ( 1  + i )  
* . ------�----- - - - - - - ( 1 7 ) PVF 
( 1  + i ) n - 1 
P VF = p r i c e v a r i a t i on f a c t o r ; u n i t l e s s  
r = e x �e c t e d  p r i c e  v a r i a t i o n r a t e  d u r i ng an a l y s i s  
p e r i od ;  d e c i ma l 
i = i n t e r e s t  r a t e ;  d e c i m a l 
n = a n a l y s i s  p e r i od ;  y e a r s 
E q u a t i o n 1 7  c a n n o t b e  u s e d i f  t h e  v a l u e s  f o r  
i n t e r e s t r a t e  a nd e s c a l a t i on r a t e a r e e qu a l . 
T h e c om p u t e r m o d e l w a s u s e d t o  d e t e r m i n e t h e 
e c o n om i c  f e a s i b i l i t y o f  c o nv e r t i n g a n  a s s um e d  p r o d u c t i o n 
s y s t e m t o  o n e  o f  t h e  e x p e r i m e n t a l t i l l a g e / s p r i n k l e r 
c omb i n a t i o n s  s t u d i e d .  T h e D i s k / 1 - 3 4 4  c om b i n a t i o n w a s 
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c h o s e n  a s  t h e a s s um e d  i n i t i a l c o n d i t i 6 n s i n c e  i t  i s  
r e p r e s e n t a t i v e o f  r eg i on a l  p r od u c t i on s y s t em s  and b e c au s e  
v a l u e s  f o r p ump i ng c o s t v a r i a b l e s we r e  av a i l ab l e  f r om t h e  
f i e l d  r e s e a r c h . Pump i n g a n d  t i l l a g e  w e r e  t h e  o n l y  c o s t 
v a r i a b l e s a n a l y z e d . Y i e l d s  ( A p p e n d i x  F )  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e f i v e p e r c en t  l ev e l  ( DeBo e r , 
1 9 8 6 ) a n d w e r e  c o n s e q u e n t l y n o t  a n a l y z e d . A s ev e n  y e a r  
a n a l y s i s  p e r i od ,  1 0 % i n t e r e s t a n d  z e r o  p r i c e v a r i a t i on f o r 
a l l c o s t v a r i ab l e s we r e  t h e  a s s um e d  e c o n om i c v a r i ab l e s . 
I r r i g a t e d a r ea ( AR )  wa s a s s um e d  t o  b e  5 3  h a , t h e  
a r e a  t y p i c a l l y  i r r i g a t e d b y  a c e n t e r p i v o t  i r r i g a t i o n 
m a c h i n e • Ye a r  1 y i r r i g a t i o n  r e q u i r em e n  t ( D ) i s t h e  am o u n t 
o f  wa t e r r eq u i r e d by t h e  c r o p t o  o b t a i n  o p t i m um y i e l d s . 
F i e l d  r e s e a r c h v a l u e s t h a t  m o s t  c ·l o s e l y  ap p r ox i ma t e  y e a r l y  
i r r i g a t i o n r e q u i r em e n t s  a r e  t h e c a l c u l a t ed e v a p o t r an s p i ­
r a t i o n d ep t h s . Th e s e  e v a p o t r a n s p i r a t i o n v a l u e s , h owe v e r , 
may n o t a c c u r a t e l y  r e p r e s e n t c r op  w a t e r  n e e d s . I t  i s  t h e  
a u t h o r ' s  o p i n i o n t h a t c r op t r a n s p i r a t i on o c c u r r ed p a r t l y  
b e c a u s e  a d e q u a t e w a t e r w a s a v a i l a b l e ,  r e g a r d l e s s  o f  
w h e t h e r  t h e  t r a n s p i r a t i o n w a s  n e e d e d f o r m a x i mu m  c r o p 
y i e l d s . T h i s  t h e o r y  i s  s u p p o r t e d b y  t h e  f a c t  t h a t  n o  
_ s i g n i f i c a n t y i e l d  d i f f e r e n c e s  o c c u r r e d f o r  t h e v a r y i n g 
e v a p o t r a n s p i r a t i o n a m o u n t s . T h e f a c t  t h a t  t h e 
e v a p o t r a n s p i r a t i o n d a t a a r e b a s e d o n  o n l y  p a r t o f  t h e  
_ i r r i g a t i o n s e a s o n p o s e s  a n o t h e r  p r o b l em .  C a l c u l a t e d 
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y e a r l y  p ump i ng c o s t s , u s i n g t h e e v ap o t r an s p i r a t i o n v a l u e s , 
c ou l d  b e  t o o l ow s i n c e  i r r i g a t i o n s  p r i o r t o  c u l t i v a t i o n 
w e r e n o t i n c l u d e d . F o r  t h e s e r e a s o n s , t h r e e v a l u e s  o f  
y e a r l y  i r r i g a t i on r e q u i r em e n t ( 3 0 0 , 4 0 0  a n d  5 0 0  mm )  we r e  
a n a l y z ed . Th e s e  v a l u e s  r e p r e s en t  a r a n g e t yp i c a l f o r t h e 
M i d w e s t .  I r r i g a t i on e f f i c i e n c y  ( E i ) wa s c a l c u l a t e d u s i n g 
me a s u r ed r u n o f f  v a l u e s  a n d a s s um e d  s p r a y l o s s  ( S ) va l u e s  
o f  2 0 %  f o r  t h e  I - 3 4 4  s p r i n k l e r s , 1 0 %  f o r t h e  I - 1 7 2 a n d  
S - 1 0 3 s p r i n k l e r s  a n d  5 %  f o r  t h e  D - 4 1  a n d  S - 4 1 s p r i nk l e r s  
( DeBo e r , 1 9 8 6 ) ( Ap p e n d i x  F ) . De e p  p e r c o l a t i on was  a s s umed  
t o  be  z e r o .  D a t a  f r o m 1 9 8 2 - 1 9 8 5  w e r e a v e r a g e d  f o r  a 
p a r t i c u l a r t i l l a g e / s p r i n k l e r c om b i n a t i o n t o  o b t a i n  a 
s i n g l e  i r r i g a t i o n e f f i c i e n c y  v a l u e  f o r  e a c h  t i l l a g e / � 
s p r i n k l e r c om b i n a t i o n .  D a t a  f r om 1 9 8 1  w a s e l i m i n a t e d  
s i n c e  o n l y  two s p r i nk l e r t y p e s  w e r e  u s e d i n  t h e  s p r i n k l e r 
s t u d y  a n d  b e c au s e  S - 4 1  s p r i nk l e r s  we r e u s e d i n  t h e  p r i m � r y  
t i l l a g e  s t u d y . I n  o r d e r t o  h a v e  a l l  a v e r a g e s  � a s e d on  
f ou r  y e a r s o f  d a t a , s u b j e c t i v e  e s t i m a t e s  w e r e  m a d e f o r  
D - 4 1  d a t a  i n  1 9 8 2  a n d  I - 3 4 4  d a t a  i n  1 9 8 5 . S t a t i c  l i f t  ( L ) 
a t  t h e  s i t e  was  7 5  m .  S y s t em p r e s s u r e  ( P R )  e q u a l e d t h e 
s p r i n k l e r o p e r a t i n g p r e s s u r e  p l u s  p r e s s u r e  l o s s  i n  t h e 
m a i n l i n e ( l o s s w a s a s s u m e d  t o  b e  9 0  k P a  f o r  a 
c e n t e r - p i v o t ) . F r i c t i o n a n d m l n o r  l o s s  ( F ) i n  t h e  
d e l i v e r y s y s t e m w a s a s s um e d  t o  b e  1 8 . 3  m b a s e d  u p o n a 
s y s t em l en g t h  o f  1 8 3 0 m a n d a f r i c t i o n g r ad i e n t  o f  0 . 0 1 . 
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P ump i n g p l a n t e f f i c i e n c y  ( E p )  w a s a s s ti m e d  t o  b e  6 5 %  
( De B oe r  e t  a l . ,  1 9 8 3 } , a n d  e n e r gy c o s t ( EC )  wa s a s s um e d  t o  
b e  0 . 0 7  $ / kWh . 
F u e l  c o n s ump t i o n ( FC )  f o r  a l l f i e l d  o p e r a t i o n s  
e x c ep t I RT w e r e  d e t e r m i n e d u s i n g d a t a f r om G r i f f i t h a n d  
P a r s on s  ( 1 9 8 1 ) .  Dr a f t a n d  v e l oc i t y me a s u r eme n t s we r e  mad e 
f o r  I RT b y  DeBo e r  a nd B e c k  ( 1 9 8 2 ) .  F u e l  r e q u i r em e n t s  o f  
8 . 3 L / h a  w e r e  d e t e r m i n e d  f o r I RT u s i n g t h e  d r a f t a n d  
v e l oc i t y me a s u r eme n t s , a f i e l d  c ap ac i ty o f  2 . 6 h a / h  a nd a n  
a s s u m e d  t r a c t i v e e f f i c i e n c y  o f  9 0 % ( B o w e r s , 1 9 8 5 ) .  
G r i f f i t h a n d  P a r s o n ' s d a t a  a n d  a t a b l e s u mm a r i z i n g 
e s t i m a t e d  t i l l ag e  f u e l r e q u i r em en t s a r e s h own i n  Ap p e n d i x  
F .  En e r gy c o s t ( EC )  was a s s um e d  t o  b e  0 . 1 8 $ / 1 . 
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RESULTS AKD DISCUSSIOB 
C2mg,ll1�l:-MQg�1 
A ! i s i ng o f  t h e  e c on om i c  a n a l y s i s  c omp u t e r p r o g r am 
i s  g i v e n i n  Ap p e nd i x  G .  
�2n2mi�-An�l��i� 
I t  mu s t  b e  r e m e m b e r e d t h a t  c a l c u l a t e d d o l l a r 
v a l u e s  i n  t h e  f o l l ow i ng  t a b l e s a r e s i t e s p e c i f i c a n d  b a s e d 
o n  s e v e r a l  a s s ump t i on s . Th e s e v a l u e s , h owe v e r , d o  p r ov i d e 
a p p r o x i ma t i on s  f o r  c en t r a l  S ou t h  D ak o t a  a nd a l l ow r e l a t i v e 
c omp a r i s o n s  am o n g  t h e  v a r i o u s  t i l l a g e / s p r i n k l e r c om b i ­
n a t i on s . 
P o s i t i v e v a l u e s f o r  p u mp i n g ,  t i l l a g e  a n d  t o t a l  
c o s t d i f f e r e n c e s  i n d i c a t e  y e a r l y  s a v i n g s  a s  c omp a r ed t o  
t h e  D i s k / C o n t r o l / 1 - 3 4 4  c om b i n a t i o n .  T h e s e  v a l u e s  w e r e  
m u l t i p l i e d b �  a n  amo r t i z a t i o n f a c t o r  t o  o b t a i n p r e s e n t  
w o r t h  v a l u e s . Con s e qu e n t l y , p r e s e n t  wo r t h v a l u e s h av e  t h e 
s am e  r e l a t i o n s h i p am o n g  e a c h  o t h e r  a s  c o s t d i f f e r e n c e 
v a l u e s . Mo d i f i c a t i o n s  r e q u i r i n g a n  i n i t i a l i n v e s t m e n t 
g r e a t e r  t h a n  t h e  p r e s e n t  wo r. t h  v a l u e a r e n o t e c on om i c a l l y  
f e a s i b l e . T h e a m o r t i z a t i o n f a c t o r  f o r  t h e a s s u m e d 
· e c o n o m i c  c o n d i t i o n s  ( 1 0 %  i n t e r e s t a n d a s e v e n  y e a r  
a n a l y s i s  p e r i od )  e qu a l e d 4 . 8 7 .  
Y.ita..L.l.lt-_f..u..m.p_i.n.�_G2.�.1..-11i.Li.�r...�n.��� . E v e r y  
t i l l ag e / s p r i nk l e r c omb i n a t i o n p r o d u c e d  a y e a r l y  s a v i ng s  i n  
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p ump i n g c o s t s  w h e n  c omp a r e d t o  t h e S t a n d a r d  ( Tab l e  2 4 ) .  
P ump i ng c o s t s av i n g s  w e r e  c a u s e d b y  a l a r g e r  i r r i g a t i o n 
e f f i c i e n c y  a n d / o r  a l ow e r s p r i n k l e r p r e s s u r e  t h a n  t h e 
S t an d a r d ( Eq u a t i on s  7 a n d  8 )  a n d r a n g ed f r om $ 6 4 9 f o r  t h e  
D i s k I I R T I I - 3 4 4 I 3 0 0 mm c o m  b i n a t i o n s . t o _ $ 4 8 0 3 f o r t h e 
D i s k / I RT / D - 4 1 / 5 0 0  mm c om b i n a t i o n .  L a r g e r  s a v i n g s  a r e  
p r o d u c e d  w i t h  i n c r e a s e d  f i e l d  s i z e , i r r i g a t i o n 
r e qu i r emen t , s t a t i c  l i f t  o r  f r i c t i on l o s s  and / o r d e c r e a s e d 
p ump i n g o r  i r r i g a t i o n e f f i c i e n c y  ( Eq u a t i o n 8 ) .  Co n s e -
Ta b l e  2 4 . Ye a r l y  pump i n g c o s t  d i f f e r e n c e s  f o r  a 5 3  h a  
f i e l d . 
- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
P r i m a r y  Se c o nd a r y  S p r i nk l e r I r r . Re q u i r eme n t ( mm ) 
Til1���--Ii11A��----I���-------1QQ _ _ _ _ _  !DD _ _ _ _ _  �DQ_ 
D i s k  
D i s k  
P l ow 
D i s k  
T i  1 1  
P l an t  
J RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I - 3 4 4  
I - 1 7 2 
S - 1 0 3  
D- 4 1  
I - 3 4 4  
1 - 1 7 2  
S - 1 0 3  
D- 4 1  
I - 1 7 2  
1 - 1 7 2  
I - 1 7 2 
I - 1 7 2  
1 - 1 7 2 
I - 1 7 2  
p um i n g c o s t d i f f . ( $ ) 
6 4 9  
2 3 0 6  
2 6 1 0  
2 8 8 2  
STANDARD 
1 7 5 7 
1 2 4 7 
2 1 2 2  
1 9 2 3  
1 2 0 5 
2 3 0 6  
1 6 7 1  
2 1 5 8  
8 9 4  
8 6 6  1 0 8 2  
3 0 7 5  3 8 4 3  
3 4 8 0  4 3 5 0  
3 8 4 3 4 8 0 3  
OF COMPAR I SON 
2 3 4 3  2 9 2 8  
1 6 6 2  2 0 7 8  
2 8 2 9 3 5 3 6 
2 5 6 4  
1 6  0 7  
3 0 7  5 
2 2 2 8 
2 8 7 8  
1 1 9 2  
3 2 0 6  
2 0 0 8 
3 8 4 3  
2 7 8 4  
3 5 9 7 
1 4 9 1 
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q u e n t l y , p u mp i n g c o s t s a v i n g s  a l w a y s i n c r e a s e d a s  
i r r i g a t i o n r e q u i r e m e n t v a r i e d f r om 3 0 0  t o  5 0 0  mm . 
T i l l a g e / s p r i nk l e r c om b i n a t i o n s  c a n b e  c omp a r e d  u s i ng t h e 
v a l u e s  i n  Ta b l e  2 4 . F o r  i n s t a n c e , a $ 7 1 8  s a v i n g s  w o u l d  
o c c u r f o r  t h e P l ow / I - 1 7 2 / 3 0 0 mm c omb i n a t i o n i f  I RT r a t h e r  
t h a n  Con t r o l  wa s u s e d a s  t h e  s e c o n d a r y  t i l l ag e  t r e a t me n t  
( $ 1 9 2 3 - $ 1 2 0 5 ) .  
F o r  a p a r t i c u l a r i r r i g a t i o n d e p t h , a n  i n v e r s e  
r e l a t i o n s h i p  b e t w e e n  s p r i n k l e r p r e s s u r e  a n d  c o s t 
d i f f e r e n c e  e x i s t e d  am o n g a l l s p r i n k l e r s  ex c ep t 1 - 1 7 2  a n d  
S - 1 0 3 f o r t h e Co n t r o l s e c o n d a r y  t i l l a g e  t r e a t m e n t . T h e 
b en e f i t s  o f  t h i s  p r e s s u r e  d r o p we r e  o v e r c ome b y  a d e c r e a s e 
i n  i r r i g a t i o n e f f i c i e n c y ( T a b l e  F - 6 ) .  S i n c e  t h e  s ame 
s p r a y l o s s  w a s a s s u m e d f o r  t h e s e t w o s p r i n k l e r s , t h e  
d e c r e a s e i n  i r r i g a t i o n e f f i c i e n c y  w a s d u e  e n t i r e l y t o  
r u n o f f d i f f e r e n c e s  ( Eq u a t i on 1 0 ) .  
Th e D i s k i n g p r i ma r y  t i l l ag e  t r e a tmen t p r o d u c ed t h e  
· l a r g e s t c o s t s a v i n g s  f o r  b o t h  t h e  I RT a n d  C o n t r o l  
p r a c t i c e s . P l ow i n g  p r o d u c ed t h e  l e a s t  s av i ng s  f o r  t h e I RT 
t r e a tm e n t a n d  T i l l -P l a n t i n g p r o d u c e d  t h e l e a s t s av i n g s  f o r 
t h e  Co n t r o l  t r e a t m e n t . C o s t s a v i n g s  i n  t h e  p r i m a r y  
t i l l ag e  s t u dy we r e  d u e  e n t i r e l y  t o  r u n o f f d i f f e r e nc e s . 
I RT a l w a y s p r o d u c e d  a l a r g e r  s a v i n g s  t h a n  t h e  
C o n t r o l  t r e a t m e n t f o r  a p a r t i c u l a r s p r i n k l e r o r  p r i ma r y  
t i l l a g e  o p e r a t i o n .  I RT v a l u e s w e r e  a t  l e a s t t w i c e a s  
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l a r g e  a s  Co n t r o l  v a l u e s  f o r  t h e  I - 1 7 2 s p � i n k l e r a n d  t h e 
T i l l - P l an t  p r i m a r y  t i l l a g e  t r e a t m e n t . I RT v a l u e s  we r e  
a p p r o x i m a t l y  5 0 %  l a r g e r  t h a n C o n t r o l  v a l u e s  f o r  t h e  
r ema i ng s p r i nk l e r s  and  p r i ma r y  t i l l ag e  t r e a tmen t s . 
T h e  D i s k / Co n t r o l / I - 1 7 2  c om b i n a t i o n o c c u r r e d i n  
b o t h  t h e  S p r i nk l e r a n d  P r i m a r y T i l l a g e  S t u dy b u t p r o d u c ed 
d i f f e r e n t  p ump i n g c o s t s a v i n g s . Run o f f wa s g r e a t e r i n  t h e 
P r i ma r y  T i 1 1  a g e  S t u dy , r e s u 1 t i n g i n a 1 owe r c o s t s a v i n g s • 
P ump i ng c o s t s a v i n g s  we r e  i d e n t i c a l  f o r t h e  D i s k / I RT / 1 - 1 7 2  
s i n c e  t h e  s am e  i r r i g a t i o n e f f i c i e n c y  o c c u r r e d i n  b o t h 
s t u d i e s . 
£L���n�-W�L�h_Y�la��-Qf_fym�in�_CQ�1-Dii!���n��� . 
P r e s e n t  wo r t h  v a l u e s  r a n g e d  f r om $ 3 1 6 1 t o  $ 2 3 , 3 8 4  f o r  t h e 
a s s umed e c o n om i c  c on d i t i on s  ( Ta b ! �  2 5 ) .  A l ow e r i n t e � e s t 
r a t e  a n d / o r a l o n g e r a n a l y s i s  p e r i od w o u l d  i n c r e a s e  t h e s e  
p r e s e n t  wo r t h v a l u e s . 
����l�_Tilla��-C���-UiLL���n���-�u�-A��Q�i���� 
'I�.L���n.�_lfQL�h-Yll.llL�� . A 1 I · t i 1 1 a g e s e q u e n c e s b u t o n e 
( T i l l -P l a n t , Cu l t i v a t e )  p r o du c e d a l a r g e r y e a r l y  c o s t  t h a n  
t h e  S t a n d a r d  ( Ta b l e  2 6 ) .  Ye a r l y  c o s t d i f f e r e nc e s  r an g ed 
f r om $ - 2 5 3  f o r t h e  P l o w / I R T s e q u e n c e  t o  $ 4 0 f o r  t h e  
T i l l - P l a n t /C o n t r o l  s e q u e n c e , p r o d u c i n g p r e s e n t  w o r t h 
v a l u e s  o f  $ - 1 2 3 1 a n d  $ 1 9 5 , r e s � e c t i v e l y .  Th e s e  c o s t 
d i f f e r e n c e  a n d  p r e s e n t  w o r t h  v a l u e s a r e sma l l c omp a r e d  t o  
t h e i r  p ump i n g c ou n t e r p a r t s . Th e p o t e n t i a l p ump i ng c o s t 
T a b l e  2 5 . P r e s e n t wo r t h  v a l u e s  o f  y e a r l y  · p ump i n g c o s t 
d i f f e r e n c e s  f o r a s e v en y e a r  p e r i od o f  an a l ­
s i s a nd 1 0 %  i n t e r e s t . 
D i s k 
D i s k  
P l ow 
D i s k  
T i  I I  
P l an t  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
1 - 3 4 4 
1 - 1 7 2  
S - 1 0 3  
D- 4 1  
1 - 3 4 4 
1 - 1 7 2 
S - 1 0 3 
D- 4 1  
1 - 1 7 2  
I - 1 7 2  
1 - 1 7 2  
1 - 1 7 2  
1 - 1 7 2 
1 - 1 7 2  
p r e s e n t  wo r t h  ( $ ) 
3 1 6 1  4 2 1 5 . 5 2 6 9  
1 1 2 2 7  1 4 9 6 9  1 8 7 1 1  
1 2 7 0 5 1 6 9 4 1 2 1 1 7 6  
1 4 0 3 0  1 8 7 0 7  2 3 3 8 4  
STANDARD OF COMPAR I SON 
8 5 5 4  1 1 4 0 5  1 4 2 5 7  
6 0 6 9  8 0 9 3  1 0 1 1 6 
1 0 3 3 0  1 3 7 7 3  1 7 2 1 7  
9 3 6 4  
5 8 6 6  
1 1 2 2 7  
8 1 3 4 
1 0 5 0 7  
4 3 5 4  
1 2 4 8 5  
7 8 2 1 
1 4 9 6 9  
1 0 8 4 5  
1 4 0 1 0  
5 8 0 6  
1 5 6 0 6 
9 7 7 7  
1 8 7 1 1  
1 3 5 5 7 . 
1 7 5 1 2  
7 2 5 7  
Tab l e  2 6 . Ye a r l y  t i l l ag e  c o s t d i f f e r e nc e s  f o r a 5 3  h a  
f i e l d  and a s s o c i a t e d p r e s e n t  wo r t h  v a l u e s f o r  
a s e v e n  y e a r  p e r i od o f  an a l y s i s  a nd 1 0 %  
i n t e r e s t .  
T i l l ag e  Seq u e nc e  Co s t  P r e s e n t  
D i f f . Wo r t h  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _  itl _ _ _ _ _ _ _  iil _ _ 
D i s k ,  P l a n t , Cu l t i v a t e ,  I RT 
D i s k , P l an t , Cu l t i v a t e  
P 1 ow , D i s k ,  P 1 an t , Cu 1 t i v a t e ,  I RT 
P l ow ,  D i s k , P l a n t , Cu l t i v a t e 
. T i l l -P l an t , Cu l t i v a t e ,  I RT 
T i l l -P l an t , Cu l t i v a t e  
- 7 9  
STAN . OF 
- 2 5 3  
- 1 7 4  
- 3 9  
4 0  
- 3 8 5  
OOMP . 
- 1 2 3 1  
- 8 4 5 
- 1 9 0  
1 9 5 
7 8  
7 9  
s av i ng s  p r o du c e d by  t h e  I RT t r e a tm e n t a r e · l a r g e r  t h a n  t h e 
a s s o c i a t e d i n c r e a s e  i n  t i l l a g e  c o s t s . 
t i l l a g e  c o s t d i f f e r e n c e s  w e r e  s m a l l  c omp a r e d t o  t h e 
p os i t i v e p ump i n g c o s t d i f f e r e n c e s , a l l t i l l ag e / s p r i nk l e r  
c omb i n a t i on s  h ad p o s i t i v e t o t a l  c o s t d i f f e r e nc e s , m o s t o f  
w h i c h w e r e  s l i g h t l y  l e s s  t h a n  p um p i n g c o s t d i f f e r e nc e s · 
( T a b l e  2 7 ) . To t a l  c o s t d i f f e r e n c e v a l u e s  r a ng e d  f r om $ 5 7 0  
t o  $ 4 7 2 4 . S p r i n k l e r r e l a t i on s h i p s  w e r e  i d e n t i c a l  t o  t h o s e  
Tab l e  2 7 . To t a l  y e a r l y  c o s t d i f f e r e n c e s  f o r a 5 3  h a  
f i e l d . 
-- - --------- ----- --- -- - --- - - - -- - ------ - - ---- - -------
P r i ma r y  S ec o nd a r y  S p r i nk l e r l r r . Req u i r eme n t ( mm )  
Iill���--Tlll���----I���-----�-�Qll ______ iDQ ______ �D� 
SfRlNKLER_S.IliDY 
D i s k  
D i s k  
P l ow 
D i s k  
T i  1 1  
P l an t  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3  
D- 4 1  
1 - 3 4 4  
1 - 1 7 2 
S - 1 0 3  
D- 4 1  
I - 1 7 2 
1 - 1 7 2  
1 - 1 7 2 
1 - 1 7 2  
1 - 1 7 2  
I - 1 7  2 
t o t a l  c o s t d i f f .  ( $ ) 
5 7 0  
2 2 2 7 
2 5 3 1 
2 8 0 3 
STANDARD 
1 7 5 7 
1 2 4 7  
2 1 2 2  
1 6  7 0 
1 0 3 1  
2 2_ 2 7  
1 6 7 1  
2 1 1 9  
9 3 4 
7 8 7  1 0 0 3  
2 9 9 6  3 7 6 4  
3 4 0 1 4 2 7 1 
3 7 6 4 4 7 2 4 
OF COMPAR I SON 
2 3 4 3 2 9 2 8  
1 6 6 2  2 0 7 8  
2 8 2 9  3 5 3 6 
2 3 1 1  
1 4 3 3  
2 9 9 6  
2 2 2 8 
2 8  3 9  
1 2 3 2  
2 9 5 3 
1 8 3 4 
3 7 6 4  
2 7 8 4  
3 5 5 8  
1 5 3 1 
- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -- - - - · 
8 0  
f o r  p ump i n g c o s t d i f f e r e n c e s . I RT v a l u e s  w e r e  s t i l l 
a l wa y s g r e a t e r t h a n  Co n t r o l  v a l u e s , b u t t o t a l  d i f f e r e n c e s  
we r e  s l i gh t l y  l e s s  t h a n  p ump i n g c o s t d i f f e r e n c e s . P r i m a r y  
t i l l a g e  r e l a t i o n s h i p s  w e r e  a l s o t h e s am e  a s  t h o s e  f o r  
p ump i ng c o s t d i f f e r e n c e s . 
P r e s e n t  w o r t h  v a l u e s  a s s o c i a t e d w i t h  t o t a l · y e a r l y  c o s t 
d i f f e r en c e s r an g ed f r om $ 2 7 7 6  t o  $ 2 2 , 9 9 9  ( Ta b l e  2 8 ) .  
Tab l e  2 8 . P r e s e n t wo r t h  v a l u e s  o f  t o t a l  y e a r l y  c o s t d i f ­
f e r e n c e s  f o r a s e v e n  y e a r  p e r i od o f  a n a l y s i s  
a nd 1 0 % i n t e r e s t . 
P r i ma r y  Se c o n d a r y  S p r i nk l e r l r r .  Re q u i r eme n t  ( mm )  
!111���--Iill���----I���------���------i�Q------��Q-
D i s k 
D i s k 
P l ow 
D i s k  
T i 1 1  
P l a n t  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
1 - 3 4 4 
1 - 1 7 2  
S - 1 0 3  
D- 4 1  
1 - 3 4 4  
1 - 1 7 2 
S - 1 0 3 
D- 4 1  
I - 1 7 2 
I - 1 7 2  
1 - 1 7 2  
1 - 1 7 2  
1 - 1 7 2 
1 - 1 7 2  
t o t a l  p r e s e n t  wo r t h  ( $ ) 
2 7 7 6 
1 0 8 4 2 
1 2 3 2 0 
1 3 6 4 5 
STANDARD 
8 5 5 4  
6 0 6 9  
1 0 3 3 0  
8 1 3 3  
5 0 2 1 
1 0 8 4 2 
8 1 3 4 
1 0  3'1 7 
4 5 4 9  
3 8 3 0  4 8 8 4  
1 4 5 8 4  1 8 3 2 6 ' 
1 6 5 5 6 2 0 7 9 1 
1 8 3 2 2  2 2 9 9 9  
OF <X>MPAR I SON 
1 1 4 0 5  1 4 2 5 7  
8 0 9 3  1 0 1 1 6 
1 3 7 7 3  1 7 2 1 7 
1 1 2 5 4  
6 9 7 6  
1 4 5 8 4 
1 0 8 4 5  
1 3 8 2 0  
6 0 0 1 
1 4 3 7 5  
8 9 3 2  
1 8 3 2 6  
1 3 5 5 7  
1 7 3 2 2  
7 4 5 2  
. 8 1  
OOKCLUSIORS 
1 .  A c ompu t e r mod e l  wa s s u c e s s f u l l y  wr i t t e n wh i c h 
d e t e rm i n e d  t h e  r e l a t i v e s av i n g s  o f  i r r i g a t i on s y s t em and / ­
o r  t i l l ag e  p r ac t i c e mod i f i c a t i o n s . 
2 .  Pump i ng c o s t s av i ng s  d om i n a t e d t i l l ag e  c o s t 
s a v i ng s  i n  t h e e c on om i c  a n a l y s i s . 
3 .  Th e D i s k i ng p r i m a r y  t i l l ag e  t r e a tme n t  wa s e c o ­
n om i c a l l y  s u p e r i o r t o  t h e P l ow i n g a n d  T i l l -P l an t i n g t r e a t ­
m e n t s  f o r b o t h  I R T a n d  C o n t r o l  s e c o n d a r y  t i l l a g e  
p r ac t i c e s . 
4 .  S p r i nk l e r  p r e s s u r e  r e d u c t i on wa s c o s t  e f f e c ­
t i v e  f o r  a l l p r e s s u r e s  ( 3 4 4  kP a , 1 7 2  k P a , 1 0 3 k P a  a nd 4 1  
k P a )  e v e n  t h o u g h  s u r f ac e r u n o f f · i n c r e a s ed w i t h  a d e c r e a s e 
i n  p r e s s u r e . 
5 .  Th e i n t e r - r ow t i l l ag e  ( I RT ) t r e a t me n t  p r od u c e d  
l a r g e r  c o s t s a v i n g s  t h a n  t h e C o n t r o l  t r e a t m e n t  f o r a l l 
· s p r i n k l e r s  a n d  p r i m a r y t i l l a g e  t r e a t m e n t s u s e d i n  t h i s  
s t u d y . 
8 2  
RBPEREKCES 
B ak e r , J . L . , J . M .  La f l e n a n d  H . P .  J o h n s on . 1 9 7 8 . E f f e c t  
o f  t i l l ag e  s y s t ems  o n  r u n o f f  l o s s e s o f  p e s t i c i d e s . A 
r a i n f a l l s i mu l a t i o n s t u d y . T r a n s ac t i on s  o f  t h e ASAE 
2 1 ( 5 ) : 8 8 6 - 8 9 2 • . 
B ak e r , J . L . , J . M . La f l en a n d  R . O .  Ha r tw i g . · 1 9 8 2 . E f f e c t s  
o f  c o r n r e s i du e  a n d  h e r b i c i d e p l a c eme n t  o n  h e r b i c i d e 
r u n o f f  l o s s e s . Tr a n s a c t i on s  o f  t h e  ASAE 2 5 ( 2 ) : 3 4 0 -
3 4 3 . 
B o s c h , D . , V .  E i dman a n d  J .  Wr i g h t . 1 9 8 2 . De t e rm i n i n g 
t h e  e c on om i c f e a s i b i l i t y o f  c o n v e r t i n g c e n t e r  p i v o t  
i r r i g a t i on s y s t em s  f r om h i g h p r e s s u r e  t o  l ow p r e s ­
s u r e . Un p u b l i s h ed r e p o r t , D ep a r tme n t o f  Ag r i c u l t u r a l  
a n d  Ap p l i e d E c on om i c s , Un i v e r s i t y o f  M i n n e s o t a , S t . 
P au l , MN .  l O p .  
B owe r s , C . G . J r . 1 9 8 5 . S o u t h e a s t e r n  t i l l a g e  e n e r gy d a t a  
a nd r e c omme nd e d  r e p o r t i n g . Tr a n s a c t i on s  o f  t h e A SAE 
2 8 ( 3 ) : 7 3 1 - 7 3 7 . 
B r o ok s , R . H . a n d  A . T .  Co r e y . 1 9 6 4 . Hyd r a u l i c  p r op e r t i e s 
o f  p o r o u s  med i a .  Hy d r o ! . P ap e r  No . 3 ,  Co l o r ad o  S t a t e  
Un i v e r s i t y ,  F o r t Co l l i n s ,  2 7  p .  
D eBo e r , D . W . , D . D . B r o s z  a n d  J . L . W i e r sma . 1 9 7 7 . I r r i g a ­
t i on a p p l i c a t i on d ep t h s  f o r  o p t i mum c r o p  p r od u c t i on .  
Tr a n s a c t i o n s  o f  t h e A SAE 2 0 ( 6 ) : 1 0 6 7 - 1 0 6 9 , 1 0 7 8 • 
. DeBo e r ,  D . W. and  D . L . B e c k . 1 9 8 2 . T i l l ag e  p r a c t i c e t o  
e n h a nc e i n f i l t r a t i o n u n d e r  s p r i nk l e r i r r i g a t i o n .  A SAE 
P ap e r No . 8 2 - 2 0 0 2 , ASAE , S t . J o s e p h , MI . 4 9 0 8 5 . 
D eBo e r , D . W .  a n d  D . L .  B e c k . 1 9 8 3 . F i e l d e v a l u a t i o n o f  
r ed u c e d  p r e s s u r e  s p r i n k l e r s . ASAE P ap e r  Nd . 8 3 - 2 0 2 4 , 
ASAE , S t . J o s e p h , M I . 4 9 0 8 5 . 
DeB o e r ,  D . W . , D . R .  Lu n d s t r om a n d  J . A .  Wr i g h t . 1 9 8 3 . E f f i ­
c i e nc y  a n a l y s i s  o f  e l e c t r i c  i r r i g a t i o n p ump i n g p l an t s  
i n  t h e  u p p e r  M i dwe s t ,  U . S . A .  E l s ev i e r ,  E n e r g y  i n  
Ag r i c u l t u r e  2 ( 1 ) : 5 1 - 5 9 . 
DeBo e r , D . W . 1 9 8 6 . P e r s o n a l  c o r r e s p on d e n c e w i t h  D . W . 
DeBo e r , P r o f e s s o r . Ag r i c u l t u r a l E ng i n e e r i n g Dep a r t ­
men t , S o u t h  Dak o t a S t a t e Un i v e r s i t y ,  B r ook i n g s , SD . 
5 7 0 0 7 . 
8 3  
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c o r n . Ag r on omy Jo u r n a l  6 9 : 4 6 1 - 4 6 4 . 
S e l f ,  K . P . , A .  Kh a l i l i a n ,  D . G .  B a t c h e l d e r , P . D . B l oome a n d 
G .  P i e t hmu l l e r .  1 9 8 3 . Dr a f t  a n d  p owe r r e qu i r em e n t s  
o f  t i l l a g e  i mp l em e n t s  i n  Ok l a h om a  s o i l s . 'ASAE P ap e r  
No . 8 3 - 1 0 3 8 , ASAE , S t . J o s e p h , MI . 4 9 0 8 5 . 
S h e l t o n , D . P . , K .  Van B a r g e n  a nd A . S .  Al - J i b u r i .  1 9 8 0 . 
Ne b r a s k a  o n - f a rm f u e l  u s e  s u r v e y . Tr an s a c t i on s  o f  
t h e ASAE 2 3 ( 5 ) : 1 0 8 9 - 1 0 9 2 . 
S k a g g s , R . W . , D . E .  M i l l e r a n d  R . H .  B r o ok s . 1 9 8 3 . S o i l  
Wa t e r . I n : D e s i g n a n d  Op e r a t i o n o f  F a rm I r r i g a t i o n 
S y s t ems ( Ed i t o r  M . E .  J e n s e n ) ASAE Mon og r ap h  # 3 ,  ASAE , 
S t . J o s e p h , MI . 4 9 0 8 5 . 
8 5  
S t e e l , R . G . D .  a n d  J . H .  To r r i e .  1 9 8 0 . PRI NC I PLES AND PRO­
CEDURES OF STAT I ST I C S , 2 nd e d . ,  McGr aw H i l l  B oo k  Com­
p a n y , New Yo r k .  p p . 4 4 3 - 4 4 9 . 
S t ep h e n s , L . E . , A . D .  S p en c e r , V . G .  F l oy d  and W . W. Br i x i u s . 
1 9 8 1 . En e r gy r e qu i r eme n t s f o r t i l l ag e  and  p l a n t i ng .  
ASAE P ap e r  No . 8 1 - 1 5 1 2 , ASAE , S t . J o s ep h , MI . 4 9 0 8 5 . 
S t e r n i t z k e , D .A .  a n d  R . L .  E l l i o t t .  1 9 8 6 . E s t i ma t e s o f  
e v a p o t r an s p i r a t i on i n  t h e Ok l ah oma Panh and l e  Re g i o n .  
ASAE P a p e r  No . 8 6 - 2 0 0 3 , A SAE , S t . J o s e p h , M I . 4 9 0 8 5 . 
S t ewa r t ,  J . I . ,  R . D .  M i s r a , W . O .  P r u i t t  and R . M .  Hagan . 
1 9 7 5 . I r r i g a t i n g c o r n  a n d  g r a i n  s o r g h um w i t h  a d e f i ­
c i e n t  wa t e r  s up p l y .  T r an s a c t i on s  o f  t h e  ASAE 1 8 ( 2 ) : -
2 7 0 - 2 8 0 . 
Ta y l o r , D . C .  1 9 8 6 .  Re d u c ed p r e s s u r e  i r r i g a t i on i nv e s t ­
m e n t e c o n om i c s . Wa t e r Re s o u r c e s  Re s e a r c h  2 2 ( 2 ) : 1 2 1 -
1 2 8 . 
T h omp s on , G . T . , L . B .  Sp i e s s  a n d  J . N .  Kr i d e r . 1 9 8 3 . F a r m  
r e s o u r c e s  a n d  s y s t em s e l e c t i on .  I n :  D e s i g n a n d  
Op e r a t i on o f  F a rm I r r i g a t i on S y s t em s  ( Ed i t o r  M . E .  
J e n s e n ) ASAE Mon o g r a p h  # 3 ,  ASAE , S t . J o s e p h , M I . 
4 9 0 8 5 . 
T r o u s e , A . C .  J r . a n d  C . A .  Re a v e s .  1 9 8 0 . Red u c i n g e n e r g y  
i n p u t s  i n t o  n o - t i l l ag e  s y s t em s . 3 r d An n u a l S ou t h ­
e a s t e r n  No - T i l l a g e  Co n f e r e n c e , Jun e 1 9 8 0 , W i l l i s t on , 
FL . pp  1 8 8 - 1 9 5 .  
v o n  B e r n u t h , R . D .  a n d  J . R .  G i l l ey .  1 9 8 5 . Eva l u a t i on . o f  
c e n t e r  p i v o t  ap p l i c a t i o n p a c k a g e s c on s i d e r i ng d r op l e t  
i nd u c e d i n f i l t r a t i on r ed u c t i on .  T r an s a c t i on s  o f  t h e 
ASAE 2 8 ( 6 ) : 1 9 4 0 - 1 9 4 6 . 
Wh i t e , J . C .  a n d  R . K .  S t u t l e r . E c on om i c  an a l y s i s  f o r i m ­
p r o v i ng i r r i g a t i o n p ump i n g p l a n t  e f f i c i e n c i e s . A SAE 
P ap e r  No . 8 0 - 3 0 3 9 , ASAE , S t . J o s e p h , MI . 4 9 0 8 5 . 
. 8 6  
APPBBD JCBS 
8 7  
APPEBDIX A 
8 8  
Ta b l e  A- 1 . L i s t  o f  s ymb o l s , d e f i n i t i o n s  a n d  u n i t s .  
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r e g r e s s i o n c o n s t a n t  
amo r t i z a t i on f a c t o r 
a r e a  i r r i g a t e d o r  t i l l e d 
r eg r e s s i on c on s t an t  
r e g r e s s i on c o n s t an t  
ye a r l y c o s t d i f f e r e n c e  
y e a r l y  i r r i g a t i o n r e q u i r em e n t 
d e e p  p e r c o l a t i on ( p e r c e n t  o f  wa t e r  
i n f i l t r a t i ng t h a t l e a c h e s t h r ou g h  
t h e  r o o t  z o n e ) 
d e e p  p e r c o l a t i on 
i r r i g a t i o n e f f i c i e n c y  
p ump i n g e f f i c i e n c y  
e v a p o t r a n s p i r a t i o n 
f r i c t i on and m i n o r  l o s s e s  
f u e l c o n s ump t i o n 
ma t r i c p o t e n t i a l 
ma t r i c  p o t e n t i a l g r ad i e n t  
g r a i n c o s t 
g r o u nd s t o r a g e  ( p o s i t i v e f o r  i n ­
c r e a s e s , n e g a t i v e f o r  d e c r e a s e s ) 
g r a i n  y i e l d  
t o t a l  d y n am i c  h e a d  
i n t e r e s t r a t e  
u n i t l e s s  
u n i t  l e s s  
h a  
u n i t  l e s s  
u n i t  l e s s  
$ 
mm 
d e c i ma l  
mm 
d e c i ma l  
d e c i ma l  
mm 
m 
L / h a  
mm 
· mm /mm 
$ / k g  
mm 
k g / h a  
m 
d e c i ma l 
8 9  
Tab l e  A- 1 .  Con t i nu ed . 





















i r r i g a t i o n wa t e r r e ac h i ng t h e c r op 
c an o p y  
s a t u r a t e d h y d r a u l i c  c on d u c t i v i t y · 
u n s a t u r a t e d h y d r a u l i c  c o n du c t i v i t y 
s t a t i c  l i f t  
mo i s t u r e  c on t e n t  
r e s i d u a l  mo i s t u r e  c on t e n t  
s a t u r a t i on mo i s t u r e  c on t e n t  
an a l y s i s  p e r i od 
p r e c i p i t a t i on 
p ump i n g c o s t d i f f e r e n c e 
p ump i n g e n e r g y  
p ump i n g e n e r gy c o s t 
s y s t em p r e s s u r e  
p r i m a r y  t i l l ag e  
p r i c e v a r i a t i on f a c t o r 
p r e s e n t  wo r t h v a l ue 
e x p e c t e d p r i c e v a r i a t i on r a t e  d u r i n g 
an a l y s i s  p e r i od 
r u n o f f  
r u n o f f ( p e r c e n t  o f  wa t e r r e a c h i n g t h e 
c r o p c a n o p y  t h a t  f a i l s  t o  i n f i l t r a t e ) 
s p r a y l o s s  ( p e r c e n t  o f  wa t e r l e a v i n g 
t h e  i r r i g a t i on s y s t em t h a t  f a i l s  t o  









$ / kWh 
k P a  
u n i t l e s s  
u n i t  l e s s  
$ 
d e c i ma l  
rrun 
d e c i m a l 
d e c i m a l 
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Ta b l e  A- 1 .  Co n t i nu ed . 
�mn�l _ _ _ _ _ _ _ _ _________ D�!iniii�n _ _ _ _ __ _ _ __________ llni1�-
S P  s p r i nk l e r t y p e  u n i t l e s s  
ST s e c on d a r y  t i l l ag e  un i t  l e s s  
TCD t i l l ag e  c o s t d i f f e r e n c e  $ 
TE t i l l a g e  en e r g y  L 
TEC t i l l ag e  en e r gy c o s t $ / L 
v Da r c i an v e l oc i t y mm/ h 
y y e a r  u n i t  l e s s  
Y I D  y i e l d i n c ome d i f f e r e n c e  $ 
APPBBDIX B 
fL��1�11�1i�n ��n1� an� 
a����1�1�g �1im�1�g LUn�!i 
9 1  
Tab l e  B - 1 . P r e c i p i t a t i o n e v e n t s  a nd a s s o c i a t e d e s t i ­
ma t e d r u n o f f .  
Da t e  Ra i n f a l l S e c o n d a r y  T i l l ag e  
__ _ _ _ _ _ _ _ _ _ _ _ _  imml _ _ _ _ _ _ _ _ _ _  1RI _ _ _ _ _ _ _  C2n1�2l 
7 / 0 8 / 8 1  
7 / 1 1 / 8 1  
7 / 1 5 / 8 1  
7 / 1 7 / 8 1  
7 / 2 1 / 8 1  
7 / 2 2 / 8 1 
7 / 2 3 / 8 1  
7 / 2 4 / 8 1 
7 / 2 5 / 8 1  
7 / 2 9 / 8 1  
7 / 3 0 / 8 1  
7 / 3 1 / 8 1 
8 / 0 1 / 8 1  
8 / 0 5 / 8 1  
8 / 0 7 / 8 1  
8 / 0 9 / 8 1  
8 / 1 3 / 8 1  
8 / 1 6 / 8 1  
7 / 0 6 / 8 2  
7 / 1 2 / 8 2 
7 / 1 6 / 8 2 -
7 / 2 0 / 8 2 
7 / 2 2 / 8 2  
7 / 2 5 / 8 2  
7 / 2 6 / 8 2  
6 / 2 8 / 8 3  
7 / 0 1 / 8 3  
7 / 0 3 / 8 3  
7 / 1 8 / 8 3  
7 / 2 7 / 8 3  
7 / 2 8 / 8 3  
7 / 2 9 / 8 3  
6 / 3 0 / 8 4  
7 / 0 3 / 8 4  
7 / 2 6 / 8 4  
8 / 0 3 / 8 4 
8 / 1 4 / 8 4 









1 1  
1 
9 











1 5  
1 0  
1 4  
2 0  
2 2  
2 3  
3 3  
1 3  
8 




1 0  
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Ta b l e  B - 1 .  ( c on t i nu e d ) . 
D a t e  Ra i n f a l l S e c o n d a r y  T i l l a g e  
______________ 1mml _ _ _ _ _ _ _ _ _ _  lRI __ _____ C2n1�2l 
e s t . r un o f f (mm ) 
8 / 1 6 / 8 4  2 1  0 0 
6 / 2 7 / 8 5 4 0 0 
7 / 1 7 / 8 5  2 0 0 
7 / 2 4 / 8 5  4 0 0 
7 / 3 0 / 8 5  1 4  0 0 
8 / 0 6 / 8 5 2 0 0 
8 / 1 2 / 8 5 3 0 0 
. 9 3  
APPBBQIX C 
S���iii� ����L�h L��Y11� 2i 
��� �L�21�1i2n m���UL�m�ni� 
. 9 4  
I n  t h e f o l l ow i n g  t a b l e s , t e s t  l o c a t i o n s  w i t h i n  p l o t s  a r e  
r e f e r r e d t o  a s  " t o p " a n d  " b o t t om " . Th e i r r i g a t i on mac h i n e  
t r a v e l e d f r om t h e  t o p t o  t h e b o t t om o f  t h e  p l o t s . Run o f f  
r an t owa r d s  t h e  b o t t om o f . t h e  p l o t s . 
Tab l e  C- 1 . Mo i s t u r e r e l e a s e c u r v e a t  r e s e a r c h s i t e f o r  
1 . 3 0 - 1 . 4 0 m s o i l p r o f i l e . a 
-- - --- - - ------ - - - - - - - - - - - -- - - - - - -
Ma t r i c P o t e n t i a l Vo l ume t r i c  
_imml ____ 1ha��l _ _ _ _ _  Wa1��-C2ni�n1 
1 . 0 2  0 . 1  0 . 3 2 2  
2 . 0 4  0 . 2  0 . 2 9 9  
3 . 0 6 0 . 3 0 . 2 5 0 
6 . 1 2  0 . 6 0 . 1 8 9  
1 0 . 2 0 1 . 0 0 .  1 8  6 
3 0 . 5 9 3 . 0 0 . 1 4 6  
6 1 . 1 9 6 .  0 0 . 1 1 7 
1 0 1 . 9 8  1 0 . 0  0 . 1 1 1  
1 5 2 . 9 7 1 5 . 0  0 . 1 1 0 
a Re f e r e n c e : Ko h l , 1 9 8 5 . 
Tab l e  C- 2 .  V a r i a b l e  v a l u e s  f o r  B r o o k s - Co r e y e qu a t i on s  • . 
Ms 0 • . 5 0 6  mm 3 /rmn3 
M r  0 . 0 6 5  mm 3 /mm3 
A 3 . 5 7 1  u n i t  l e s s  
B 0 . 3 7 9  u n i t  l e s s  
c 8 . 2 7 7  u n i t l e s s  
K s  9 9 . 1 8 mm / h r  
9 5  
9 6  
Ta b l e  C- 3 .  Da r c i a n v e l oc i t y u n d e r  D i k e s / I - 1 7 2  c omb i n a t i o n 
f o r 8 / 1 3 / 8 5  i r r i g a t i on .  
Hou r s  Af t e r Loc a t i o n i n  P l o t 
lLLiia1i2n _ _ _ _ _ _ _ _ _ _ _  I2�------------B2112m 
v e l oc i t y ( mm / h * 1 0 5 ) 
1 3 . 0 1 7 . 4  
2 3 . 2 · 1 8 . 3 
3 4 . 3 2 2 . 9  
4 4 . 8 2 3 . 8  
5 5 . 1 2 5 . 2  
6 
7 
8 6 . 1 2 5 . 4  
9 5 . 5 2 3 . 8  
1 0  
1 1  5 .  6 2 0 . 3  
1 2  5 . 1  1 9 . 5  
1 3  4 . 3 1 7 . 4  
1 4  4 . 1 1 5 . 4  
Av e r a ge 4 .  6 . 2 0 . 9  
9 7  
Ta b l e  C- 4 . Da r c i an v e l oc i t y u n d e r  Co n t r o l / I - 1 7 2  c omb i n a ­
t i on f o r  8 / 1 3 / 8 5  i r r i g a t i on .  
Ho u r s  Af t e r  L o c a t i o n i n  P l o t  
1LL1ia1i2n _ _ _ _ _ _ _ _ _ _ _  T2�------------B2112m 
v e l oc i t y ( mm/ h * 1 0 5 ) 
1 4 . 4  5 . 1 
2 4 . 5 5 . 5 
3 5 . 4 9 . 5 
4 6 . 9 1 3 . 2  
5 8 . 1 1 3 . 4  
6 
7 
8 8 . 7 1 2 . 8  
9 8 . 9 1 1 . 8  
1 0  
1 1  7 . 1  8 . 5 
1 2  7 . 8  7 . 7 
1 3  6 . 8 6 .  5 
1 4  5 . 8 5 . 9 
Av e r a g e  6 . 8 9 . 1  
. 9 8  
T a b l e  C- 5 .  Da r c i a n v e l o c i t y u n d e r  D i k e s /D - 4 1 c omb i n a t i o n 
f o r  8 / 1 3 / 8 5  i r r i g a t i on .  
H o u r s  Af t e r  Lo c a t i on i n  P l o t 
1LLi��1i2n _ _ _ _ _ _ _  TQ�------B211Qm _ __ __ _ _  TQ�-------B2112m 
v e l o c i t y ( rnm/ h  * 1 0 5 ) 
1 4 9 1 . 5  4 8 . 4  - - - - - - - - - -
2 6 7 5 . 1  6 2 . 8  - - - - - - - - - -
3 1 2 6 3 . 8  1 3 3 . 9  - - - - - - - - - -
4 1 5 6 3 . 8  1 4 4 . 6  - - - - - - - - - -
5 1 1 3 5 . 1  1 8 0 . 3  - - - - - - - - - -
6 - - - - - - - - - - - - - - - - - - - - -
7 - - - - - - - - - - - - - - - - - - - - -
8 1 1 0 2 . 2  1 5 0 . 0  - - - - - - - - - -
9 7 3 5 . 6  1 2 2 . 2  - - - - - - - - - -
1 0  - - - - - - - - - - - - - - - - - - - -
1 1  5 0 0 . 1  8 2 . 8  1 2 0 . 7  2 7 2 . 0  
1 2  3 9 9 . 8  6 8 . 9  - - - - - - - - - -
1 3  3 4 5 . 4  4 9 . 6  1 5 6 . 5  3 4 4 . 2  
1 4  2 4 2 . 3  3 2 . 4  1 7 9 . 2  3 6 7 . 0  
1 5  - - - - - 3 2 5 . 6  8 3 6 . 7  
1 6  - - - - - 3 2 3 . 1  8 5 9 . 3  
1 7  - - - - - 3 7 1 . 9  7 2 6 . 2  
1 8  - - - - - - - - - - - - - - -
1 9  - - - - - - - - - - - - - - -
2 0  - - - - - 3 2 5 . 6  7 4 2 . 0  
2 1  - - - - - 2 8 6 . 3  6 6 0 . 1  
2 2  - - - - - - - - - - - - - - -
2 3  - - - - - 2 2 0 . 7  5 5 1 . 8  
2 4  - - - - - 1 7 1 . 6  5 0 8 . 8  
2 5  - - - - - 1 3 1 . 2 4 4 9 . 0  
2 6  - - - - - 1 2 4 . 5  4 1 7 . 7  
Av e r a g e  7 6 8 . 6  9 7 . 8  2 2 8 . 1  5 6 1 . 2 
- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ta b l e  C- 6 .  Da r c i a n  v e l o c i t y u n d e r  Con t r o l /D- 4 1  c omb i n a ­
t i on f o r  8 / 1 3 / 8 5  i r r i g a t i on .  
Ho u r s  Af t e r L oc a t i on i n  P l o t  










1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
Av e r ag e  
0 . 6 
0 . 6 
1 . 0 
1 . 0 
1 . 1  
1 . 2 
1 .  2 
1 • 2 
1 . 1  
1 .  0 
0 . 8 
1 .  0 
v e l o c i t y ( mm / h _ *  1 0 5 ) 
1 .  6 
1 . 7 
2 . 4 
2 . 4 
2 .  8 
3 . 3 
3 . 4 
2 . 8 
2 . 8 
2 .  3 
1 . 7 
2 .  5 
1 . 8 
2 .  0 
2 . 1  
3 . 2 
3 . 5  
3 . 7 
3 . 8 
3 .  5 
2 .  7 
2 . 5 
2 .  2 
2 . 1  
2 . 8 
9 9  
1 0 0  
Ta b l e  C- 7 . D a r c i a n v e l o c i t y u nd e r  D i k e s / 1 - 1 7 2  c omb i n a t i o n 
f o r  8 / 1 5 / 8 5  i r r i g a t i on .  
Hou r s  Af t e r  Lo c a t i o n i n  P l o t 
l�LiiB1i�n _ _ _ _ _ _ _ _ _ _ _  T2�------------Bg112m 
v e l oc i t y (.nm/ h * 1 0 5 ) 
1 9 . 1 2 3 . 8  
2 1 0 . 0  2 4 . 5  
3 9 . 6 2 4 . 5  
4 1 0 . 0  2 5 . 9  
5 1 0  • 0 2 5 . 5  
6 9 . 6 2 7 . 3  
7 9 . 6 2 9 . 2  
8 9 . 2 2 9 . 6  
9 8 . 8  2 8 . 0  
1 0  8 . 4 2 9 . 9  
1 1  8 . 0 2 8 . 0  
1 2  7 . 2 2 8 . 0  
1 3  6 .  9 2 6 . 2  
1 4  6 . 9 3 0 . 2  
1 5  6 . 9 2 9 . 6  
Ave r ag e  8 . 7  2 7 . 3  
1 0 1 
Ta b l e  C- 8 .  Da r c i a n v e l o c i t y u n d e r  Con t r o l / 1 - 1 7 2  c omb i n a ­
t i o n f o r  8 / 1 5 / 8 5 i r r i g a t i o n .  
Hou r s  Af t e r L oc a t i o n i n  PLo t 
1�iiB1i�n _ _ _ _ _ _ _ _ _ _ _  T2�------------B2112W 
v e l o c i t y ( mm / h  * 1 0 5 ) 
1 6 . 9 1 9 . 1 
2 6 . 1 1 7 . 7  
3 5 . 9 1 3 . 3  
4 6 . 0 9 . 8 
5 7 . 5 9 . 7  
6 6 . 7 5 . 6 
7 6 . 3 5 . 5 
8 6 . 4 5 . 4 
9 6 . 5 5 . 5 
1 0  6 . 3 4 . 9 
1 1  6 . 2 4 . 4 
1 2  5 . 7 4 . 4 
1 3  5 . 1 4 . 1  
1 4  5 . 0 4 . 1  
1 5  5 . 2 4 . 1 
Ave r a g e  6 . 1 7 . 8 
1 0 2  
Ta b l e  C- 9 .  Da r c i a n v e l o c i t y u nd e r  D i k e s /D - 4 1  c omb i n a t i o n 
f o r  8 / 1 5 / 8 5  i r r i g a t i on • . 
H ou r s  A f t e r  L o c a t i o n i n  P l o t 










1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
Av e r ag e 
1 7 1 . 7  
2 5 2 . 8  
2 7 0 . 9  
3 0 3 . 9 
4 0 3 . 4  
3 2 7 . 1  
3 5 0 . 6  
3 1 6 . 1  
3 1 6 . 1  
2 6 4 . 7  
2 7 5 . 4  
2 7 5 . 4  
2 2 0 . 7  
2 4 7 . 2  
2 4 7 . 2  
2 8 2 . 9  
v e  1 o c  i t  y ( nm/ h. * 1 0  5 ) 
5 0 . 2  
5 7 . 9  
7 5 . 7  
6 6 . 4  
8 0 . 7  
7 6 . 2  
7 6 . 2  
6 2 . 8  
6 3 . 3  
5 9 . 3  
5 5 . 4  
5 5 . 4  
4 8 . 2  
4 8 . 2  
4 8 . 2  
6 1 . 6  
5 6 . 8  
6 3 . 1  
7 2 . 1  
7 4 . 3  
7 6 . 3  
7 8 . 2  
7 8 . 2  
7 8 . 2  
8 4 . 8  
7 8 . 2  
8 6 . 4  
8 6 . 4  
7 9 . 9  
8 6 . 4  
9 9 . 1  
1 5 9 . 3  
1 9 2 . 3  
1 9 4 . 4 
2 1 9 . 7 
2 2 1 . 9  
2 3 6 . 5  
2 3 6 . 5  
2 3 6 . 5  
1 2 5 . 0  
1 2 1 . 7  
1 2 8 . 6  
1 3 7 . 3  
1 3 6 . 7  
1 2 7 . 9  
1 2 7 . 9  
1 2 0 . 3  
1 2 0 . 3  
1 1 9 . 4  
1 1 9 . 4  
1 2 7 . 9  
1 2 7 . 9  
1 3 6 . 7 
1 4 5 . 9  
1 6 5 . 5  
1 9 9 . 7 · 
2 1 2 . 5  
2 1 2 . 4  
2 2 5 . 8  
2 2 6 . 1  
2 5 5 . 3  
2 4 0 . 4  
2 5 5 . 3  
1 6  4 .  8 
1 0 3  
Ta b l e  C- 1 0 . Da r c i a n v e l o c i t y u nd e r  Con t r o l /D - 4 1 c omb i n a ­
n a t i on f o r 8 / 1 5 / 8 5 i r r i g a t i on .  
H ou r s  Af t e r  L oc a t i o n i n  P l o t 










1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
Av e r ag e  
- 0 . 9  
- 0 . 7 
- 0 . 4  
- 0 . 3 
- 0  . 1  
o . o 
o . o 
0 . 1  
0 . 1 
0 . 1  
0 . 1 
0 . 1  
0 . 1 
0 . 1  
0 . 1  
- 0 . 1  
v e l oc i t y ( mm/ h - * 1 0 5 ) 
1 .  7 
1 . 9 
2 .  0 
1 . 9 
2 . 1  
1 . 8 
1 .  8 
1 .  7 
1 .  6 
1 . 5 
1 . 4 
1 . 3 
1 . 2 
1 . 1  
1 . 1  
1 . 6 
1 . 1  
1 . 1  
1 . 1  
1 . 1 
1 • 2 
1 . 2 
1 • 2 
1 . 0 
1 • 0 
1 . 0 
1 .  0 
0 . 9 
0 . 9 
0 . 9 
0 . 9 
1 . 2  
1 .  3 
1 . 3 
1 . 4 
1 . 4 
1 . 5 
1 . 5 
1 .  5 
1 . 2 
APP ERD I X  D 
����iii� ����a��b ���Yl1� !�� 
in�iyigual wa1�� QAl�n�� ya�iAbl�� 
an� ����l� wa1�� �1An�� �umma�i�� 
1 0 4  
1 0 5  
Tab l e  D - 1 . To t a l  i r r i g a t i o n d u r i ng an a l y s i s  p e r i od s . 
S p r i nk l e r Ye a r  
___ II��---------liBl ___ liBl ___ liB�---liB�---liB�--AY����� 
( 8 ) a  ( 1 3 ) a  ( 1 1 ) a ( 1 2 ) a  ( 1 5 ) a  ( 1 2 ) a  
s.fRlM{LER_STliDY - - - - - - - - t o t a l  i r r i g a t i on ( mn )  - - - - - - -
1 - 3 4 4  1 9 1 2 7 7  2 0 5  2 5  0 2 3 1  
I - 1 7 2  2 0 9  3 0 8  2 6  3 3 2 9 3 8 6 2 9  9 
S - 1 0 3 3 0 9 2 5 3  3 2 7 3 8 8 3 1 9 
D- 4 1  2 8 5 3 5 6  4 0 8  3 5 0 
fR1MARY_IlLLAGE_SillDY 
( 8 ) a ( 1 3 ) a ( 1 0 ) a ( 1 2 ) a ( 1 4 ) a ( 1 1 ) a  
I - 1 7 2 b  2 3 6 c  3 0 8 2 3 7 3 4 1 3 7 1  3 1 4 d 
- - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -- - - - - - - - - - - - - - - -
a Numb e r  o f  i r r i g a t i on s  d u r i n g a n a l y s i s  p e r i od .  
b S - 4 1  s p r i n k l e r s  u s e d i n  1 9 8 1 . 
c No t c on s i d e r ed i n  an a l y s i s . 
d B a s e d  on 1 9 8 2 - 1 9 8 5  d a t a . 
Ta b l e  D- 2 . P r e c i p i t a t i on d u r i ng a n a l y s i s  p e r i o d s . 
Ye a r  P r e c i p i t a t i on 
__________ _ _ _ _ _ _ _ _  1mml ___ _ 
1 9 8 1  
1 9 8 2 
1 9 8 3  
1 9 8 4 
1 9 8 5 
Ave r a g e  
1 3 0  
4 9  
1 3 3  
5 5  
2 9  
7 9  
1 0 6  
1 0 7  
Ta b l e  D - 3 . To t a l  ( i r r i g a t i on p l u s  p r e c i p i t a t i o n )  wa t e r  
i np u t  d u r i n g an a l y s i s  p e r i o d s . 
- - - - - - -- - - - - - - ------- --- - - - - - - - - - - - - - - ------------ ------ - -
S p r i nk l e r Ye a r  
---I���---------l�Bl ___ liB2 ___ liB1 _ _ _  liBi ___ liB�---AX��a�� 
( 8 ) a  ( 1 3 ) a  ( 1 1 ) a  ( 1 2 ) a  ( 1 5 ) a ( 1 2 ) a  
S.fRlNKLER_S.TliDY - - - - - - - t o t a l  wa t e r i np u t ( mm )  - - - - - - - -
1 - 3 4 4  3 2 1 3 2 6 3 3 8 3 0 5  3 2 3  
1 - 1 7 2  3 3 9  3 5 7  3 9 6 3 8 4 4 1 5 3 7  8 
S - 1 0 3 3 5 8  3 8 6  3 8 2 4 1 7 3 8 6  
D - 4 1  4 1 8  4 1 1  4 3 7 4 2 2  
fRlMARY_TlLLAGE_SIUOY 
( 8 ) a  ( 1 3 ) a ( 1 0 ) a ( 1 2 ) a ( 1 4 ) a ( 1 1 ) a 
1 - 1 7 2 b 3 6 6 c 3 5 7  3 7 0  3 9 6 4 0 0 3 8 1 d  
a Numb e r  o f  i r r i g a t i o n s  d u r i n g a n a l y s i s  p e r i od .  
b S - 4 1  s p r i n k l e r s  u s e d  i n  1 9 8 1 . 
c No t c o n s i d e r e d i n  an a l y s i s . 
d B a s e d  on 1 9 8 2 - 1 9 8 5 d a t a . 
Tab l e  D - 4 . I r r i g a t i o n r u n o f f d u r i n g a n a l y s i s  p e r i od s . 
P r i ma r y  S e c ond a r y  S p r i nk l e r Ye a r  
1 0 8  
Iill�i�--Il1lai�----I���-----1iB1_1�B1_1iB�-1�B�-1�B�--AY� 
SfRlNKLER_S.TliDI i r r i g a t i on r u n o f f  ( mm )  
D i s k 
D i s k 
P l ow 
D i s k  
T i 1 1  
P l an t  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D - 4 1  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
l - 1 7 2 a 
l - 1 7 2 a 
l - 1 7 2 a 
l - 1 7 2 a 
l - 1 7 2 a 
l - 1 7 2 a 
1 
9 
2 7  
5 2  
2 
1 0  
1 5  
3 9  
6 0  
8 6  
2 4 b  1 8  
9 l b 6 4  
1 8 b  8 
6 3 b  3 4  
2 8 b  2 4  
7 8 b  7 8  
a S - 4 1 s p r i nk l e r s  u s e d i n  1 9 8 1 . 
b No t c o n s i d e r e d i n  an a l y s i s . 




3 0  
3 
1 0  
6 6  
4 8  
3 3  
5 9  
5 
3 6  
1 1  




1 1  
1 3  
2 3  
4 1  
6 8  
5 
2 9  
2 




1 0  
3 6  
1 9  
3 5  
5 5  
2 8  
2 4  
1 0  
2 1  
1 0  




2 6  
2 1  
3 3  
5 7  
5 7  
2 1 c 
4 4 c 
6 c  
2 9 c  
1 3 c  
5 3 c 
1 0 9  
Tab l e  D - 5 . To t a l  { i r r i g a t i o n p l u s p r e c i p i t a t i o n )  r un o f f  
d u r i n g an a l y s i s  p e r i od s  f o r s p r i n k l e r s t u d y . 
P r i ma r y  Se c o nd a r y  S p r i nk l e r Ye a r  
IillAi�--IillAi�----I���-----1i�1-1i�1-1iBZ_liB!_liBi __ Ay� 
D i s k  I RT 
D i s k Co n t r o l  
D i s k I RT 
D i s k Co n t r o l  
1 - 3 4 4  
I - 1 7 2  
S - 1 0 3 
D- 4 1 
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D - 4 1 
I - 3 4 4 
I - 1 7 2  
S - 1 0 3 
D- 4 1  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
1 6  
2 4  
4 7  
7 2  
5 
7 
1 5  
2 1  
t o t a 1 .r u n  o f f ( mm ) 
2 
1 0  
1 5  
3 9  
6 0  
8 6  
8 
1 4  
1 4  
3 6  
1 1  
1 8  
7 4  
5 6  
0 
0 4 
1 1 0  
1 1  3 6  
1 3  
2 3  1 9  
4 1  3 5  
6 8  5 5  





1 2  3 
1 7  5 
2 4  1 9  







1 1  






1 3  
6 
1 0  
1 0  
2 8  
2 8  
3 9  
5 9  






1 1  
1 6  
1 4  
1 1 0 
Tab l e  D - 6 . To t a l  ( i r r i g a t i on p l u s p r e c i p i t a t i o n )  r un o f f 
d u r i n g a n a l y s i s  p e r i o d s  f o r  p r i ma r y t i l l ag e  
s t u d y . 
P r i ma r y  S e c on d a r y  S p r i nk l e r Ye a r  
Iill���--Ti11a��----I���-----liBl_liBl_liBJ_1�BJ_1iB�--A�� 
P l ow 
D i s k  
T i  1 1  
P l an t  
P l ow 
D i s k  
T i  1 1  
P l an t  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
I RT 
Con t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a  
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a  
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
- - - - - t o t a l  r un o f f ( mm )  - - - - -
3 9 b  1 8  
1 1 1 b 6 4  
3 5 b  8 
8 3 b 3 4  
4 3 b 2 4  
9 8 b 7 8  
3 9  
6 7  
1 1  
4 4  
1 7  
6 0  
5 2 8  2 3 c  
2 9  2 4  4 6 c  
2 1 0  8 c  
2 6  2 1  3 1 c 
8 1 0  1 5 c  
6 4  1 9  5 5 c  
t o t a l  r u n o f f  ( %  i n p u t s )  
1 1 b 5 
3 O b  1 8  
9 b  2 
2 3 b  1 0  
1 2 b  7 
2 7 b 2 2  
1 1  
1 8  
3 
1 2  
5 






1 6  
7 6 c  
6 . 1 2 c 
3 2 c  
5 9 c  
3 4 c  
5 1 5 c  
a S - 4 1 s p r i nk l e r s  u s e d i n  1 9 8 1 . 
b No t c o n s i d e r e d i n  an a l y s i s . 
c B a s e d o n  1 9 8 2 - 1 9 8 5  d a t a . 
1 1 2  
Tab l e  D - 8 . G r o u n d  s t o r ag e  d u r i n g a n a l y s i s  p e r i od s  f o r 
p r i ma r y  t i l l ag e  s t u d y . 
P r i ma r y  S e c o nd a r y  S p r i nk l e r Ye a r  
Iilla��--Iilla��----I���-----1i�1-liB2_1iB1_1iBi_liB�--AY� 
P l ow 
D i s k  
T i  1 1  
P l an t  
P l ow 
D i s k  
T i  1 1  
P l an t  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Con t r o l  
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
g r o.u n d  _ s t o r ag e  ( mm }  
2 3 b - 2 3  - 2 1  - 5 8 - 2 4  - 3 2 c  
- 9 b  - 7 0  - 6 0  - 1 0 0 - 2 3  - 6 3 c  
5 9 b  - 1 4 4 - 3 7  2 1  - 7 c  
3 3 b - 7 3  - 4 6  - 7 6  - 1 - 4 9 c 
6 2 b - 2 5  - 1 7 - 5 2  
2 3 b - 6 5  - 2 0  - 8 8  
2 4  - 1 8 c  
1 2  - 4 0 c 
g r o u n d s t o r ag e  ( %  i n p u t s ) 
6 b  - 6 - 6 - 1 5 - 5 · - B e  
- 2 b  - 2 0  - 1 6  - 2 5 - 6 - 1 7 c 
1 6 b  - 4 1 - 9 
9 b  - 2 0  - 1 2  - 1 9  
1 7 b  - 7 - 5 - 1 3 
6 b  - 1 8 - 5 - 2 2  
5 - 2 c  
0 - 1 3 c 
6 - 5 c  
3 - 1 1 c  
a S - 4 1  s p r i nk l e r s  u s e d  i n  1 9 8 1 . 
b No t c on s i d e r e d i n  an a l y s i s . 
c B a s e d on 1 9 8 2 - 1 9 8 5  d a t a . 
1 1 3  
T a b l e  D - 9 . To t a l  e v a p o t r an s p i r a t i o n d u r i ng an a l y s i s  
p e r i o d s  f o r  s p r i nk l e r s t u d y . 
P r i ma r y  S e c o n d a r y  S p r i n k l e r  Ye a r  
Iill���--Iil1a��----I���----1iB1_1iB2_1�B�-1iBi_liB�--A��-
D i s k  I RT 
D i s k  Co n t r o l  
D i s k I RT 
D i s k Con t r o l  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D - 4 1 
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3  
D � 4 1 
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
e v a p o t r a n s p i r a t i o n ( mm )  
2 4 2  3 4 3  3 4 1 3 3 7  3 1 6 
2 7 3  4 0 1 3 9 9  4 0 8 3 7 8  3 7 2  
3 5 6  3 9 2 3 9 6  3 8 0 3 8 1 
3 9 8 4 2 3  3 9 0 4 0 4  
2 4 9  3 2 5 3 4 2  3 4 5  3 1 5  
2 5 8  3 6 6 3 9 6 4 2 4  3 8 3  3 6 5  
3 4 5  3 6 9  3 9 5 3 6 9  3 7 0  
4 0 3 4 2 9 3 9 0 4 0 7  
e v a p o t r an s p i r a t i on ( %  i np u t s )  
7 5  1 0 5  1 0 1 1 1 1  
8 1  1 1 2 1 0 1 1 0 6  
1 0 0 1 0 2  1 0 4  
9 5  1 0 3  
7 8  1 0 0 1 0 1  1 1 3 
7 6  1 0 3 1 0 0  1 1 0 
9 6  9 6  1 0  3 
9 6  1 0 4  
9 1  
9 1  
8 9  
9 2  
8 9  
8 9 
9 8  
9 8  
9 9  
9 6  
9 8  
9 6  
9 6  
9 6  
- --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - -
1 1 4 
Ta b l e  D - 1 0 . To t a l  e v a p o t r an s p i r a t i o n d u r i ng an a l y s i s  
p e r i od s  f o r  p r i ma r y  t i l l a g e  s t u d y . 
P r i ma r y  Se c o nd a r y  S p r i nk l e r Ye a r  
Iill.ai�--1'ill.ai�--·--I�l2�----1ia1_1�B.2_1iBl_11L8 .4_1�.R�--AY.�-
P l ow 
D i s k  
T i 1 1  
P l an t  
P l ow 
D i s k  
T i  1 1  
P l an t  
I RT 
Co n t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a  
e v ap o t r a n s p i r a t i o n ( mm )  
3 0 4 b  3 6 2 3 5 2  4 4 9  3 9 6 3 9 0 c  
2 6 4 b 3 6 3 3 6 3 4 6 7 3 9 9  3 9 8 c 
2 7 4b 3 6 3 3 5 5  4 3 1  3 6 9  3 8 0 c  
2 5 0 b  3 9 6  3 7 2  4 4 6  3 8 0 3 9 9 c  
2 6 1 b  3 5 8  3 7 0 4 4 0  3 6 6  3 8 4 e 
2 4 5 b  3 4 4  3 3 0  4 2 0 3 6 9 3 6 6 c  
e v ap o t r an s p i r a t i o n ( %  i n p u t s ) 
8 3 b 1 0 1 9 5  1 1 3 9 9  1 0 2 c  
7 2 b 1 0 2 9 8  1 1 8 1 0 0  l O S e 
7 5 b  1 0 2 9 6 1 0 9  
6 8 b 1 1 1  1 0 1  1 1 3  
7 1 b 1 0 0  1 0 0  1 1 1  
6 7 b 9 6  8 9  1 0 6  
9 2  1 0 0 c  
9 5  1 0  5 c  
9 2  ! O l e 
9 2  9 6 e 
a S - 4 1 s p r i n k l e r s  u s e d i n  1 9 8 1 . 
b No t c on s i d e r e d i n  a n a l y s i s . 
c B a s e d on 1 9 8 2 - 1 9 8 5  d a t a . 
1 1 5  
Ta b l e  D- 1 1 . Av e r a g e  d a i l y  e v a p o t r a n s p i r a t i o n d u r i ng 
a n a l y s i s  p e r i o d s . 
P r i ma r y  S e c o nd a r y  S p r i nk l e r Ye a r  
Iill���--Iill���----I���----liBl_l�Bl_l�B�-l�BJ_liB�--A��-
D i s k 
D i s k  
P l ow 
D i s k 
T i 1 1  
P l an t  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
I RT 
Co n t r o l  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
I - 3 4 4  
I - 1 7 2  
S - 1 0 3  
D- 4 1  
I - 1 7 2 a  
l - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
I - 1 7 2 a 
d a i l y ev a p o t r an s p i r a t i on ( mm )  
5 . 6 6 . 1 6 . 0 6 . 0 5 . 9 
6 . 3 7 . 2 7 . 0 7 . 3  7 . 7 7 . 1 
6 . 4 6 . 9 7 . 1  7 . 8 7 . 1 
7 . 0 7 . 6 8 . 0 7 . 5 
5 . 8 5 . 8 6 . 0 6 . 2 6 .  0 
6 . 0 6 . 5 6 . 9 7 . 6 7 . 8 7 . 0 
6 . 2 6 . 5 7 . 1  7 . 5  6 . 8 
7 . 1 7 . 7 8 . 0 7 . 6 
7 . 1 b 6 . 5 6 . 6 8 . 0 8 . 4 7 . 4 c  
6 . 1 b 6 . 5  6 . 8 8 . 3 8 . 5 7 . 5 c 
6 • 4 b 6 • 5 6 • 7 7 • 7 7 • 9 7 .- 2  c 
5 . 8 b 7 . 1  7 . 0  8 . 0 8 . 1 7 . 5 c 
6 . 1 b  6 . 4 7 . 0 7 . 9 7 . 8 7 . 3 c 
5 . 7 b 6 . 1  6 . 2 7 . 5 7 . 9 6 . 9 c  
----- ---- - - - - --- - - - - - - - --- - -- - - - - - - - - - ----- - - - - - - - - - - - - - - -
a S - 4 1 s p r i nk l e r s  u s ed i n  1 9 8 1 . 
b No t c on s i d e r e d i n  an a l y s i s . 
c B a s e d  on 1 9 8 2 - 1 9 8 5  d a t a . 
Tab l e  D- 1 2 . S p r i nk l e r s t u d y  wa t e r b a l a nc e  s umm a r y  f o r  
1 9 8 1  a n a l y s i s  p e r i od .  
P r i ma r y  Se c o n d a r y  S p r i nk l e r V a r i a b l e s 
1 1 6 
Ii11���---IillA��-----I�D�-----l _ _  ± _ _  f _ _  : __ R __ ± __ QS _ _  ±_EI 
- - - - - - - - - - ( mm )  - - - - - - - - - - -
D i s k  I RT 1 - 3 4 4  1 9 1 1 3 0  1 6  6 3  2 4 2 
I - 1 7 2  2 0 9 1 3 0  2 4  4 2  2 7 3  
S - 1 0 3 
D - 4 1 
D i s k  Con t r o l  I - 3 4 4  1 9 1 1 3 0  4 7  2 5  2 4 9  
1 - 1 7 2  2 0 9 1 3 0  7 2  9 2 5 8  
S - 1 0 3  
D - 4 1 
- - - - - - ( %  i n p u t s ) a - - - - - - -
D i s k I RT 1 - 3 4 4  6 0  4 0  5 2 0  7 5  
1 - 1 7 2  6 2  3 8  7 1 2  8 1  
S - 1 0 3 
D- 4 1  
D i s k Co n t r o l  1 - 3 4 4  6 0  4 0  1 5  8 7 8  
1 - 1 7 2  6 2  3 8  2 1  3 7 6  
S - 1 0 3 
D- 4 1  
------ - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -- - -
a I n p u t s  = i r r i g a t i on + p r e c i p i t a t i on .  
1 1 7  
Ta b 1 e D- 1 3  • P r i m a r y t i 1 1 a g e  s t u d y w a t  e r · b a 1 a n  c e s umma r y 
f o r 1 9 8 1  a n a l y s i s  p e r i od .  
P r i ma r y  S e c o nd a r y  S p r i nk l e r V a r i a b l e s 
Iill���---Iill���-----I���------l _ _  ± __ f __ : __ B __ ±_GS __ ±_ET 
P l ow 
D i s k  
T i 1 1  
P l an t  
P l ow 
D i s k 
T i  1 1  
P l an t  
I RT 
Con t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I RT 
Con t r o l  
I RT 
Con t r o l  
I RT 
Con t r o l  
S - 4 1  
S - 4 1 
S - 4 1  
S - 4 1 
S - 4 1 
S - 4 1  
S - 4 1 
S - 4 1  
S - 4 1 
S - 4 1  
S - 4 1  
S - 4 1  
- - - - - - - - - - ( mm ) - - - - - - - - - - -
2 3 6 1 3 0  
2 3 6  1 3 0  
2 3 6  1 3 0  
2 3 6  1 3 0  
2 3 6 1 3 0  
2 3 6  1 3 0  
3 9  
1 !' 1 
3 5  
8 3  
4 3  
9 8  
2 3  
- 9 
5 9  
3 3  
6 2  
2 3  
- - - - - - ( %  i n p u t s ) a 
6 4  3 6  1 1  6 
6 4  3 6  3 0  - 2 
6 4  3 6  9 1 6  
6 4 3 6  2 3  9 
6 4  3 6  1 2  1 7  
6 4 3 6  2 7  6 
3 0 4  
2 6 4  
2 7 4  
2 5 0 
2 6 1  
2 4 5  
8 3 
7 2  
7 5  
6 8  
' 7 1  
6 7  
a I n p u t s  = i r r i g a t i on + p r e c i p i t a t i on .  
Tab l e  D - 1 4 . S p r i nk l e r s t u d y  wa t e r b a l a nc e  s umm a r y  f o r  
1 9 8 2  an a l y s i s  p e r i od .  
P r i ma r y  S e c o nd a r y  S p r i nk l e r V a r i a b l e s 
1 1 8  
Iill���---Il1l���-----I���-----l _ _  ± _ _  f __ : __ R _ _  ± __ QS _ _  ±_ET 
- - - - - - - - - - ( mm )  - - - - - - - - - - -
D i s k  I RT 
D i s k  Con t r o l  
D i s k I RT 
D i s k Con t r o l  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
1 - 3 4 4  
1 - 1 7 2 
S - 1 0 3  
D - 4 1 
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
I - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
2 7 7  
3 0 8  
3 0 9  
2 7 7  
3 0 8  
3 0 9  
- - - - - -
8 5  
8 6  
8 6  
8 5  
8 6  
8 6  
4 9  
4 9  
4 9  
4 9  
4 9  
4 9  
( %  
1 5  
1 4  
1 4  
1 5  
1 4  
1 4  
2 - 1 9  3 4 3 
1 0  - 5 4  4 0 1 
1 5  - 1 3  3 5 6  
3 9  - 3 8  3 2 5  
6 0  - 6 9  3 6 6 
8 6 - 7 3  3 4 5  
i n p u t s ) a - - - - - - -
1 - 6 1 0 5  
3 - 1 5  1 1 2  
4 - 4 1 0 0 
1 2  - 1 2  1 0 0 
1 7  - 1 9  1 0  3 
2 4  - 2 0  9 6  
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - -- - - - - - -- -- - - - - - -
a I n p u t s  = i r r i g a t i on + p r e c i p i t a t i o n .  
1 1 9  
Tab l e  D- 1 5 . P r i m a r y  t i l l ag e  s t u d y  wa t e r b a l a n c e s umm a r y  
f o r  1 9 8 2  a n a l y s i s  p e r i od .  
P r i ma r y  S e c o n d a r y  S p r i nk l e r V a r i a b l e s 
Iillai�---Iill�i�-----I���------1--±--f--=--R--±-QS __ ±_EI 
- - - - - - - - - - ( mm )  - - - - - - - - - - -
P l ow I RT I - 1 7 2  3 0 8  4 9  1 8  - 2 3  3 6 2  
Co n t r o l  I - 1 7 2  3 0 8 4 9  6 4 - 7 0  3 6 3  
D i s k  I RT I - 1 7 2  3 0 8  4 9  8 - 1 4  3 6 3  
Co n t r o l  I - 1 7 2  3 0 8 4 9  3 4  - 7 3  3 9 6  
T i  1 1  I RT 1 - 1 7 2 3 0 8  4 9  2 4  - 2 5  3 5 8 
P l an t  
Con t r o l  I - 1 7 2  3 0 8  4 9  7 8  - 6 5 3 4 4  
- - - - - - ( %  i n p u t s ) a - - - - - - -
P l ow I RT 1 - 1 7 2  8 6 1 4  5 - 6 1 0 1 
Co n t r o l  I - 1 7 2  8 6  1 4  1 8  - 2 0  1 0 2  
D i s k I RT 1 - 1 7 2 8 6  1 4  2 - 4 1 0  2 
Co n t r o l  1 - 1 7 2 8 6  1 4  1 0  - 2 0  1 1 1  
T i  1 1  I RT 1 - 1 7 2 8 6  1 4  7 - 7 1 0 0  
P l an t  
Co n t r o l  1 - 1 7 2 8 6  1 4  2 2  - 1 8  9 6  
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a I n p u t s  = i r r i g a t i on + p r e c i p i t a t i o n .  
Tab l e  D- 1 6 . S p r i nk l e r s t u d y  wa t e r b a l a n c e s umm a r y  f o r  
1 9 8 3 a n a l y s i s  p e r i od .  
P r i ma r y  S e c ond a r y  S p r i nk l e r Va r i a b l e s . 
1 2 0  
Ii11ai�---I11la��-----I���-----l--±--f--=--R--±--GS __ ±_ET 
D i s k  I RT 
D i s k  Co n t r o l  
D i s k  I RT 
D i s k Co n t r o l  
I - 3 4 4  
I - 1 7 2  
S - 1 0 3  
D - 4 1 
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1 
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
I - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
- - - - - - - - - - ( mm )  - - - - - - - - - - -
2 0 5  1 3 3  
2 6 3  1 3 3  
2 5 3  1 3 3  
2 8 5  1 3 3  
2 0 5  1 3 3  
2 6 3  1 3 3  
2 5 3  1 3 3  
2 8 5  1 3 3  
8 
1 4  
1 4  
3 6  
1 1  
1 8  
7 4  
5 6  
- 1 1  
- 1 7  
- 2 0  
- 1 6 
- 1 5 
- 1 8 
- 5 7  
- 4 1 
3 4 1  
3 9 9  
3 9  2 
3 9 8  
3 4 2 
3 9 6  
3 6 9  
4 0  3 
- - - - - - ( %  i n p u t s ) a - - - - - - -
6 1  
6 6  
6 6  
6 8  
6 1  
6 6  
6 6  
6 8  
3 9  
3 4  
3 4  
3 2  
3 9  
3 4  
3 4  







1 9  
1 3  
- 3 · 1 0 1 
- 4 1 0 1 
- 5 1 0 2  
- 4 9 5  
- 4 1 0 1 
- 5 1 0 0 
- 1 5  9 6  
- 1 0 9 6  
a I n p u t s  = i r r i g a t i o n + p r e c i p i t a t i o n .  
1 2 1 
Ta b l e  D- 1 7 . P r i ma r y  t i l l a g e  s t u d y  wa t e r · b a l a n c e s umm a r y  
f o r  1 9 8 3  an a l y s i s  p e r i od .  
P r i ma r y  S e c o nd a r y  S p r i nk l e r Va r i a b l e s 
Ii1l���---Ii11a��-----I���------l--±--f--=--R-_±_QS __ ±_ET 
- - - - - - - - - - ( mm )  - - - - - - - - - - -
P l ow I RT 1 - 1 7 2  2 3 7  1 3 3  3 9  - 2 1  3 5 2  
Co n t r o l  1 - 1 7 2  2 3 7  1 3 3 6 7  - 6 0  3 6 3  
D i s k  I RT 1 - 1 7 2  2 3 7  1 3 3  1 1  4 3 5 5 . 
Con t r o l  I - 1 7 2  2 3 7 1 3 3  4 4  - 4 6 3 7 2 
T i  1 1  I RT I - 1 7 2 2 3 7  1 3 3  1 7  - 1 7  3 7 0 
P l an t  
Con t r o l  I - 1 7 2  2 3 7  1 3 3 6 0 - 2 0 3 3 0  
- - - - - - ( %  i np u t s ) a - - - - - - -
P l ow I RT 1 - 1 7 2  6 4  3 6  1 1  - 6 9 5  
Co n t r o l  1 - 1 7 2 6 4 3 6  1 8  - 1 6  9 8  
D i s k I RT I - 1 7 2  6 4 3 6  3 1 9 6  
Con t r o l  I - 1 7 2  6 4 3 6  1 2  - 1 2 1 0 1  
T i  1 1  I RT I - 1 7 2  6 4  3 6  5 - 5 1 0 0  
P l an t  
Co n t r o l  I - 1 7 2 6 4 3 6  1 6  - 5 8 9  
---- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -- -- - - - - - - - - - - - -
a I n p u t s  = i r r i g a t i on + p r ec i p i t a t i o n . 
1 2 2  
Ta b l e  D- 1 8 . S p r i nk l e r s t u dy wa t e r  b a l a n c e  s umm a r y  f o r  
1 9 8 4 an a l y s i s  p e r i od .  
P r i ma r y  S e c o nd a r y  S p r i nk l e r Va r i ab l e s 
Iil1Ai�---Iil1a'�-�---I���-----l--±--�--=--R __ ± __ QS __ ±_EI 
D i s k  I RT I - 3 4 4  
I - 1 7 2  
S - 1 0 3 
D - 4 1  
D i s k  Con t r o l  1 - 3 4 4  
I - 1 7 2 
S - 1 0 3  
D- 4 1  
D i s k I RT 1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
D i s k Con t r o l  I - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
- - - - - - - - - - ( mm ) - - - - - - - - - - -
2 5 0  
3 2 9 
3 2 7 
3 5 6  
2 5 0  
3 2 9 
3 2 7  
3 5 6  
5 5  
5 5  
5 5  
5 5  
5 5  
5 5  
5 5  




1 1  
1 3  
2 3  
4 1  
6 8  
- 3 2  
- 2 4  
- 1 5  
- 2 3  
- 5 3  
- 6 3 
- 5 4  
- 8 6  
3 3 7 
4 0 8 
3 9 6 
4 2 3  
3 4 5  
4 2 4  
3 9  5 
4 2 9 
- - - - - - ( %  i np u t s ) a - - - - - - -
8 2  
8 6  
8 6  
8 7  
8 2  
8 6  
8 6  
8 7  
1 8  
1 4  
1 4  
1 3  
1 8  
1 4  
1 4  







1 1  
1 7  
- 1 0  " 1 1 1  
- 6 1 0 6  
- 4 1 0 4  
- 6 1 0 3 
- 1 7  1 1 3  
- 1 6  1 1 0 
- 1 4  1 0  3 
- 1 8  1 0 2 
a I n pu t s  = i r r i g a t i on + p r e c i p i t a t i o n .  
1 2 3  
Tab l e  D- 1 9 . P r i m a r y  t i l l a g e  s t u d y  wa t e r b a l a n c e  s umma r y  
f o r 1 9 8 4 an a l y s i s  p e r i od .  
-- -------------------- - - - - - - - --- - - - - -- - - - - - - - - - --�-- - - - - -
P r i ma r y  S e c o nd a r y  S p r i nk l e r Va r i ab l e s 
Iil1a��---Ii1l����----I���------l __ ± __ f __ : __ R __ ±_GS __ ±_ET 
- - - - - - - - - - . ( mm )  - - - - - - - - - - -
P l ow I RT I - 1 7 2  3 4 1 5 5  5 - 5 8  4 4 9  
Con t r o l  I - 1 7 2  3 4 1 5 5  2 9  - 1 0 0  4 6 7 
D i s k  I RT I - 1 7 2 3 4 1  5 5  2 - 3 7 4 3 1  
Co n t r o l  1 - 1 7 2  3 4 1 5 5  2 6  - 7 6  4 4 6  
T i 1 1  I RT 1 - 1 7 2  3 4 1  5 5  8 - 5 2  4 4 0  
P l an t  
Con t r o l  I - 1 7 2 3 4 1  5 5  6 4  - 8 8  4 1 7  
- - - - - - ( %  i n p u t s ) a - - - - - - -
P l ow I RT I - 1 7 2  8 6  1 4  1 - 1 5  1 1 3  
Co n t r o l  1 - 1 7 2  8 6  1 4  7 - 2 5 1 1 8  
D i s k I RT 1 - 1 7 2  8 6  1 4  1 - 9 1 0 9 
Co n t r o l  1 - 1 7 2  8 6  1 4  7 - 1 9  � 1 3 
T i  1 1  I RT 1 - 1 7 2  8 6  1 4  2 - 1 3  1 1 1  
P l an t  
Co n t r o l  1 - 1 7 2  8 6  1 4  1 6  - 2 2  1 0 6  
---- - ------------- ------------ -- - - - - - - - - ---- ------ -------
a I n p u t s  = i r r i g a t i o n + p r e c i p i t a t i o n .  
Ta b l e  D- 2 0 . S p r i nk l e r s t u d y  wa t e r b a l a nc e  s wmrna r y  f o r 
1 9 8 5 a n a l y s i s  p e r i od .  
P r i ma r y  S e c ond a r y  S p r i nk l e r V a r i a b l e s 
1 2 4  
Iilla��---Iilla���----I���-----1-_± __ f __ : __ R __ ± __ QS __ ±_EI 
D i s k  I RT I - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D - 4 1 
D i s k  Co n t r o l  I - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D - 4 1 
D i s k  I RT I - 3 4 4  
1 - 1 7 2 
S - 1 0 3 
D- 4 1  
D i s k  Co n t r o l  1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D- 4 1  
- - - - - - - - - - . ( mm )  - - - - - - - - - - -
3 8 6  2 9  4 3 3  
3 8 8  2 9  1 0  2 7  
4 0 8 2 9  3 6  1 1  
3 8 6  2 9  1 9  1 3  
3 8 8  2 9  3 5  1 3  
4 0 8 2 9  5 5  - 8 
( %  i np u t s ) a 
9 3  7 1 8 
9 3  7 2 7 
9 3  7 8 3 
9 3  7 5 3 
9 3  7 8 3 
9 3  7 1 3  - 2 
3 7 8  
3 8  0 
3 9 0 
3 8  3 
3 6 9  
3 9  0 
9 1  
9 1  
8 9 
9 2  
8 9  
8 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -
a I n p u t s = i r r i g a t i o n + p r e c i p i t a t i o n .  
1 2 5 
Tab 1 e D - 2 1 • P r i rna r y t i 1 1 a g e  s t u d y w a t  e r · b a 1 a n  c e s umm a r y 
f o r 1 9 8 5 a n a l y s i s  p e r i od .  
P r i ma r y  S e c o nd a r y  S p r i nk l e r V a r i a b l e s 
Iill���---Illl���-----I���------1--±--f--=--R--±-GS __ ±_ET 
- - - - - - - - - - ( mm )  - - - - - - - - - - -
P l ow I RT 1 - 1 7 2  3 7 1  2 9  2 8  - 2 4 3 9  6 
Con t r o l  I - 1 7 2  3 7 1  2 9  2 4  - 2 3  3 9 9 
D i s k  I RT I - 1 7 2 3 7 1  2 9  1 0  2 1  3 6 9  
Co n t r o l  I - 1 7 2  3 7 1  2 9  2 1  - 1 3 8 0 
T i  1 1  I RT 1 - 1 7 2  3 7 1  2 9  1 0  2 4  3 6 6  
P l a n t  
Co n t r o l  1 - 1 7 2  3 7 1  2 9  1 9  1 2  3 6 9  
- - - - - - ( %  i n p u t s ) a - - - - - - -
P l ow I RT 1 - 1 7 2 9 3  7 7 - 6 9 9  
Co n t r o l  I - 1 7 2 9 3  7 6 - 6 1 0 0  
D i s k I RT I - 1 7 2 9 3  7 3 5 9 2  
Con t r o l  1 - 1 7 2 9 3  7 5 0 9 5  
T i  1 1  I RT 1 - 1 7 2  9 3  7 3 6 9 2  
P l a n t 
Co n t r o l  1 - 1 7 2 9 3  7 5 3 9 2  
----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a I n p u t s  = i r r i g a t i on + p r e c i p i t a t i on .  
1 2 6  
APPBKDIX B 
1 2 7 
Ta b l e  E - 1 . Raw d a t a u s e d f o r  s t a t i s t i c a l  an a l y s i s . 
P r i ma r y  S e c o nd a r y  S p r i nk l e r Y e a r  R e p  I +P R GS ET 
Ii11���--Illl���----I���----------------------------------
S.ll.tink1�.r.-S1Y�Y. 
D i s k  I RT 
D i s k  I RT 
D i s k I RT 
1 - 3 4 4  
I - 1 7 2  
S - 1 0 3  
1 9 8 1  
1 9 8 2  
1 9 8 3  
1 9 8 4 
1 9 8 1  
1 9 8 2  
1 9 8 3  
1 9 8 4  
1 9 8 5  
1 9 8 2  
1 9 8 3  










































d e p t h  v a l u e s  ( mm ) 
3 2 1 
3 2 6 
3 3 8 
3 0 5  
. 
3 3 9 
. 
3 5 7  
3 9 6  
. 
3 8 4  
. 
4 1 5 
. 
3 5 8  
. 
3 8 6  
. 
3 8 2 
1 5 . 8  
1 6 . 9  
3 . 6 
1 .  8 
0 . 3 
8 . 1  
8 . 0 





1 7 . 5  
3 0 . 9  
1 .  9 
1 9 . 1  
1 1 . 0  
8 . 3 
1 6 . 4 







1 3 . 0  
0 
1 • 1 
0 
1 . 7 
6 . 7 
1 4 . 7  
1 4 . 4  
1 6 . 4  
1 6 . 5 
1 0 . 4 
1 4 . 0  
1 .  7 
1 .  0 
0 
6 0 . 6  
6 5 . 3  
- 2 4 . 1  
- 8 . 1 
- 2 3 . 9  
- 2 0 . 8  
3 . 3 
- 1 6 . 1 
- 2 8 . 5  
- 3 2 . 7  
- 4 3 . 6  
- 2 4 . 5  
4 2 . 0  
MD a 
- 1 3 . 3  
- 6 2 . 5  
- 8 5 . 2 
- 1 9 . 2  
- 2 6 . 1  
- 6 . 9 
- 2 8 . 6  
- 9 . 3 
- 3 6 . 9  
- 4 8 . 6  
- 1 2 . 0  
- 1 0 . 8  
5 6 . 3  
5 3 . 0  
9 . 7  
1 5 . 5  
2 9 . 6  
MD a 
- 2 1 . 1  
- 4 . 9 
- 1 2 . 9  
- 9 . 8 
- 2 5 . 8  
- 2 4 . 6  
- 2 . 1 
- 2 . 6 
- 9 . 5 
2 4 2  
3 4 3  
3 4 1  
3 3 7  
. 
2 7 3  
. 
4 0 1 
. 
3 9 9  
. 
4 0 8 
. 
3 7 8  
. 
3 5 6  
3 9  2 
. 3 9 6  
1 2 8  
Ta b l e  E - 1 . Co n t i n u ed . 
--- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -.- - - - - - - - - - - -- - - --
P r i ma r y  S e c o nd a r y  S p r i nk l e r Ye a r  R e p I +P R GS ET 
Iill�i�--Till�i�----I���----------------------------------
d e p t h  v a l u e s  ( mm ) 
D i s k  I RT S - 1 0 3 1 9 8 4  4 . 3 8  2 . 1 . 0 - 2 7 . 6  3 9 6 
5 0 - 3 9 . 8  
6 • 0 - 9 . 0 • 
1 9 8 5  1 4 1 7 9 . 3 2 • 0 3 8 0  
2 6 . 4 4 6 . 4  
3 3 . 9 3 3 . 9  
4 2 3 . 2  2 0 . 2  
5 9 . 4 2 5 . 1  
6 . 4 . 9 3 6 . 7  . 
D i s k I RT D- 4 1  1 9 8 3  1 4 1 8  5 0  . 1  - 3 7 . 4  3 9 8  
2 3 7 . 1  - 4 . 5  
3 . 2 1 . 3  - 4 . 7 . 
1 9 8 4  1 4 1 1  1 5 . 4  - 2 2 . 4  4 2 3 
2 2 . 5 - 3 4 . 4  
3 1 6 . 1  - 1 8 . 9  
4 1 6 . 3  - 3 5 . 3  
5 1 . 7 - 1 2 . 1  
6 • 2 1 . 7  - 1 3 . 1  . 
1 9 8 5  1 4 3 7 4 3 . 2  - 2 6 . 5  3 9 0 
2 4 7 . 8  - 1 9 . 4  
3 3 9 . 1  1 5 . 6 . 
1 9 8 5  4 3 8 . 5  4 7 . 2  
5 1 8 . 2  6 . 1  
6 . 2 7 . 0  4 1 . 5  . 
D i s k  Con t r o l  I - 3 4 4  1 9 8 1  1 3 2 1  5 7 . 3  2 6 . 0  2 4 9  
2 . 3 5 . 7  2 4 . 8  . 
1 9 8 2  1 3 2 6  3 2 . 4  - 4 8 . 1  3 2 5 
2 5 0 . 4  - 2 9 . 6  
3 . 3 4 . 6  - 3 5 . 1  . 
1 9 8 3  1 3 3 8 1 1 . 4 . - 1 0 . 2  3 4 2  
2 8 . 0  - 1 5 . 9  
3 . 1 4 . 2  - 1 7 . 3  . 
1 9  8 4  1 3 0 5  7 . 5  7 0 . 4 3 4 5  
2 . 1 8 . 0  3 6 . 1  
D i s k  Con t r o l  1 - 1 7 2  1 9 8 1  1 3 3 9 6 0 . 0  - 4 . 1 2 5 8 
2 . 8 4 . 8  2 2 . 1  
1 9 8 2  1 3 5 7 3 5 . 9  - 6 8 . 9  3 6 6  
2 7 3 . 4  MD a 
3 . 7 1 . 5  MD a . 
1 9 8 3  1 3 9 6  1 9 . 4  - 2 3 • 4 . 3 9 6  
2 1 4 . 1  - 9 . 0 
3 MD a - 2 2 . 2  
1 2 9 
T a b l e  E - 1 . Con t i n u e d . 
-------------------- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - --- -
P r i ma r y  Se c ond a r y  S p r i nk l e r Y e a r  Re p l +P . R GS ET 
Iillai�--Ii11�i�----I���----------------------------------
d ep t h  v a l u e s  ( mm )  
D i s k Con t r o l  1 - 1 7 2 1 9  8 4  1 3 8 4  1 6 . 7  - 6 9 . 1  4 2 4 
2 1 9 . 6  - 7 8 . 9  
3 3 4 . 9  - 4 0 . 6  
1 9 8 5  1 4 1 5 3 0 . 3  1 • 1 3 8 3  
2 1 2 . 4  2 6 . 5  
3 1 3 . 5  1 0 . 2  
D i s k  Co n t r o l  S - 1 0 3  1 9 8 2 1 3 5 8 7 7 . 0  - 7 4 . 2  3 4 5 
2 8 1 . 9  - 8 7 . 0  
3 9 8 . 7  - 5 8 . 3  
1 9 8 3  1 3 8 6  6 6 . 9  - 4 4 . 3  3 6 9  
2 8 3 . 7  - 6 9 . 9  
3 . 7 2 . 8  - 5 7 . 4 
1 9  8 4  1 3 8 2  3 6 . 9  - 7 6 . 8  3 9  5 
2 2 8 . 2  - 2 8 . 6  
3 5 8 . 4  - 5 6 . 0  . 
1 9 8 5  1 4 1 7 4 3 . 0  - 2 6 . 2  3 6 9  
2 3 7 . 6  3 9 . 1  
3 . 2 5 . 3  2 5 . 8  
D i s k  Con t r o l  D - 4 1  1 9 8 3  1 4 1 8 6 6 . 3  - 6 6 . 2  4 0 3  
2 5 1 . 7  - 3 2 . 4  
3 . 5 0 . 2  - 2 3 . 5  . 
1 9 8 4  1 4 1 1 6 2 . 0  - 7 0 . 1 · 4 2 9 
2 6 8 . 9  - 1 0 1 . 8  
3 . 7 3 . 6  MD a . 
1 9 8 5  1 4 3 7 5 7 . 6  - 2 2 . 5  . 3 9 0 
2 4 7 . 1  - 1 0 . 8  
3 6 1 . 2  1 0 . 3  
fLima��-Ii11�i�-�1YQ� 
P l ow I RT 1 - 1 7 2 1 9 8 2  1 3 5 7  2 5 . 0  - 1 1 . 4  3 6 2 
2 2 2 . 7  - 3 3 . 1  
3 . 6 .  6 . - 2 4 . 9  . 
1 9 8 3  1 3 7 0  3 4 . 2  - 4 . 3 3 5 2 
2 4 3 . 9  - 2 8 . 8  
3 . MD a - 3 1 . 0  . 
1 9 8 4  1 3 9 6  5 .  3 - 6 2 . 4  4 4 9 
2 5 . 5 - 5 9 . 3  
- 3 2 .  9 - 5 3 . 3  
1 9 8 5  1 4 0 0  1 6 . 8  - 4 2 . 3  3 9 6 
2 4 2 . 9  - 5 . 0 
3 . 2 4 . 7  MD a . 
P l ow Co n t r o l  1 - 1 7 2  1 9 8 2  1 3 5 7  5 4 . 2  - 7 6 . 3  3 6 3  
2 8 0 . 0  - 7 4 . 5  
1 3 0  
Ta b l e  E - 1 . Con t i n u e d . 
---- - - - - - - - ------- - - - - - - - - - - - - - - - -- - - - - - � - - - - - - - - - - - - - - - - -
P r i ma r y  S e c on d a r y  S p r i nk l e r  Y e a r  Re p I +P R GS ET 
Iill���--Iilla��----I���----------------------------------
d ep t h  v a l u e s  ( mm } 
P l ow Con t r o l  1 - 1 7 2  1 9  8 2  3 . 3 5 7· 5 6 . 8  - 6 0 . 5  3 6  3 
1 9 8 3  1 3 7  0 6 4 . 0  - 7 7 . 7  3 6  3 
2 81 . 1  - 5 9 . 3  
3 . 5 4 . 4  - 4 1 . 4  
1 9 8 4  1 3 9 6  3 8 . 8  - 9 8 . 3  4 6 7  
2 2 3 . 3  - 8 0 . 5  
3 . 2 4 . 7  - 1 2 2 . 3  
1 9 8 5  1 4 0 0 2 9 . 8  - 1 5 . 2  3 9 9  
2 2 3 . 5  - 3 1 . 8  
3 1 7 . 3  - 2 0 . 6  
D i s k  I RT 1 - 1 7 2  1 9 8 2  1 3 5 7  1 3 . 1  - 2 . 6 3 6  3 
2 6 .  0 - 8 . 2 
3 . 6 . 3 - 3 0 . 2  
1 9 8 3  1 3 7 0 1 3 . 9  8 . 6 3 5 5 
2 8 . 7 - 3 . 7 
3 . 1 0 . 9  5 .  6 
1 9 8 4 1 3 9 6  0 - 4 1 , 0 4 3 1  
2 3 . 6 - 5 4 . 6  
3 1 .  3 - 1 5 . 8  . 
1 9 8 5  1 4 0 0 7 . 6 3 8 . 6  3 6 9  
2 1 4 . 4  1 3 . 0  
3 . 7 . 0 1 1 . 5  . 
D i s k  Co n t r o l  1 - 1 7 2  1 9 8 2  1 3 5 7  2 6 . 5  - 6 1 . 8  3 9  6 
2 3 6 . 9  - 8 9 . 4  
3 . 3 8 . 7  - 6 7 . 6  . 
1 9 8 3  1 3 7 0  3 4 . 8 - 2 2 . 1  3 7 2  
2 7 2 . 2  - 6 0 . 7  
3 . 2 4 . 3  - 5 5 . 6  
1 9 8 4  1 3 9 6  2 8 . 8  - 5 0 . 1  4 4 6  
2 2 4 . 2  - 8 4 . 0  
3 . 2 6 . 1 - 9 5 . 2  . 
1 9 8 5  1 4 0 0 2 4 . 9  2 2 .  0 3 8 0  
2 2 8 . 0 - 1 8 . 3  
3 8 . 6 - 5 .  3 
T i  1 1  I RT 1 - 1 7 2  1 9 8 2  1 3 5 7  1 7 . 0  - 1 3 . 8  3 5 8  
P l an t  . 2 1 8 . 4 - 3 5 . 3  
3 . 3 6 . 7  MD a . 
1 9 8 3  1 3 7 0  1 1  • 4 - 7 . 7 3 7  0 
2 8 . 0  - 4 0 . 5  
3 . 3 2 .  9 - 4 . 1 
1 9 8 4 1 3 9 6  1 . 8  - 3 6 . 9  4 4 0  
2 6 . 7 - 6 7 . 6  
1 3 1  
T a b l e  E - 1 .  Con t i n u e d . 
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - -
P r i ma r y  S e c o n d a r y  S p r i nk l e r Y e a r  R e p  I +P R GS ET 
Iilla��--Iilla��----I���----------------------------------
d ep t h v a l u e s  ( mm )  
T i l l  I RT 1 - 1 7 2  1 9  8 4  3 . 3 9 6 . 1 6 . 3  MD a 4 4 0  
P l an t  1 9 8 5  1 4 0 0  9 . 5 5 3 . 9  3 6 6  
2 6 . 5 - 2 0 . 6  
3 1 3 . 9  3 9 . 5  
T i  1 1  Co n t r o l  1 - 1 7 2  1 9 8 2 1 3 5 7  8 3 . 3 - 4 3 . 3  3 4 4  
P l a n t  2 7 6 . 8  - 9 1 . 1  
3 . 7 3 . 0  - 6 1 . 5  . 
1 9 8 3  1 3 7 0 4 7 . 5  - 1 1 . 0  3 3 0  
2 6 9 . 5  - 3 7 . 3  
3 . MD a - 1 1 . 3  . 
1 9 8 4 1 3 9 6 6 4 . 6  - 7 4 . 0  4 2 0  
2 5 8 . 0  - 9 1 . 0  
3 . 6 8 . 8  - 9 8 . 9  . 
1 9  8 5  1 4 0 0  1 6 . 7  7 . 8 3 6 9  
2 3 1 . 4  - 1 .  9 
3 7 . 5 2 8 . 9  
a M i s s i ng d a t a . 
APPBIID IX P 
au��iil� �������h ��u11� iQ� 
��2n2ml� an�l��i� Ya�i�bl�� 
1 3 2  
1 3 3  
Tab l e  F - 1 . G r a i n  y i e l d s  a t  1 5 . 5 % mo i s t u r e . 
P r i ma r y  Se c o nd a r y  S p r i nk l e r Ye a r  
Iil1���--Iill���----I���----liBl_liB2_liB�_liBi_liB�--AY�-
D i s k 
D i s k 
P l ow 
D i s k  
T i  1 1  
P l an t  
I RT 
Con t r o l  
I RT 
Con t r o l  
I- RT 
Co n t r o l  
I RT 
Con t r o l  
I - 3 4 4  
I - 1 7 2  
S - 1 0 3 
D- 4 1  
I - 3 4 4  
I - 1 7 2  
S - 1 0 3  
D- 4 1  
g r a i n  y i e l d s ( t / h a )  
1 2 . 2  1 2 . 7  1 2 � 5  1 2 . 0  1 2 . 4  
1 4 . 2  1 2 . 7  1 2 . 6  1 1 . 4  9 . 9 1 2 . 2  
1 2 . 9  1 0 . 6  1 1 . 0  1 0 . 5  1 1 . 3  
1 2 . 2  1 1 . 6  1 0 . 5  1 1 . 4  
1 3 . 2  1 1 . 9  1 2 . 3  1 2 . 4  1 2 . 5  
1 4 . 4  1 2 . 4  1 2 . 3  1 1 . 8  1 0 . 3  1 2 . 2  
1 2 . 3  1 1 . 0  1 1 . 8  1 0 . 4  1 1 . 4  
1 0 . 9  1 1 . 8  9 . 9 1 0 . 9  
I - 1 7 2 a 1 1 . 6  1 2 . 2  1 2 . 0  1 1 . 2  9 . 3 1 1 . 2 b 
I - 1 7 2 a 1 0 . 4  1 1 . 8  1 1 . 2  1 1 . 4  1 0 . 5  1 1 . 2 b 
I - 1 7 2 a  1 2 . 0  1 2 . 7  1 2 . 3  1 2 . 0  1 0 . 3  1 1 . 8 b 
I - 1 7 2 a 1 1 . 6  1 2 . 4  1 0 . 6  1 1 . 8  1 0 . 3  1 1 . 3 b 
I - 1 7 2 a 1 2 . 0  1 2 . 7  1 1 . 8  1 2 . 6  1 0 . 8  1 2 . 0 b 
I - 1 7 2 a  1 2 . 2  1 2 . 7  1 1 . 5  1 1 . 2  1 1 . 1  1 1 . 6 b 
a S - 4 1 s p r i nk l e r s  u s e d  i n  1 9 8 1 . 
b B a s e d  on 1 9 8 2 - 1 9 8 5 . 
Ta b l e  F - 2 . To t a l  i r r i g a t i o n d e p t h a t  c an opy t op d u r i n g 
an a l y s i s  p e r i od s . 
1 3 4 
------- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - ---- - -- - - - - - - - - -
----- - - ---- ------------ - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
S p r i nk l e r Ye a r  
--I���-------------liBl ___ liB�---liBJ ___ liB�--A������ 
SfRl�LER_SII.IDY t o t a l  i r r .  d e.p t h  . a t  c a n op y  ( nm )  
I - 3 4 4  2 7 7  2 0 5  2 5 0  3 0 0 a  2 5 8  
I - 1 7 2  3 0 8  2 6 3 3 2 9 3 8 6 3 2 2  
S - 1 0 3  3 0 9 2 5 3 3 2 7 3 8 8  3 1 9 
D- 4 1  3 4 0 a 2 8  5 3 5 6  4 0 8  3 4 7  
fRlMARY_TlLLAGE_SIUDY 
I - 1 7 2  3 0 8  2 3 7  3 4 1 3 7 1  3 1 4 
a E s t i ma t e d v a l u e . 
1 3 5  
Ta b l e  F - 3 . I r r i g a t i o n r u n o f f  d u r i n g a n a l y s i s  p e r i od s . 
----- ---------- - - - - -- - - - - - - - - - - - - -- - - � - - - - - - - -- - - - - - -
- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -- -
P r i ma r y S e c o nd a r y  S p r i nk l e r Ye a r  
Iill���--Iill�i�----I���-----liBZ_liB�_liBJ_liB�--A�� 
SfRimtLER_SilJDY i r r i g a t i o n r u n o f f  ( mm ) 
D i s k IRT 1 - 3 4 4  2 2 0 O a  1 
1 - 1 7 2  1 0  8 0 4 6 
S - 1 0 3  1 5  8 1 1 0  9 
D- 4 1  4 0 a 3 0  1 1  3 6  2 9  
D i s k Co n t r o l  1 - 3 4 4  3 9  3 1 3  1 1 a 1 7  
1 - 1 7 2  6 0  1 0  2 3  1 9  2 8  
S - 1 0 3 8 6  6 6  4 1  3 5  5 7  
D- 4 1  1 0 0 a  4 8  6 8  5 5  6 8· 
fRlMARY_TlLLAQE_STDOY 
P l ow I RT 1 - 1 7 2  1 8  3 3  5 2 8  2 1  
Con t r o l  1 - 1 7 2  6 4  5 9  2 9  2 4  4 4  
D i s k  I RT 1 - 1 7 2  8 5 2 1 0  6 
Con t r o l  1 - 1 7 2 3 4  3 6  2 6  2 1  2 9  
T i  1 1  I RT 1 - 1 7 2  2 4  1 1  8 1 0  1 3  
P l an t  
Con t r o l  1 - 1 7 2 7 8  5 2  6 4  1 9  5 3  
- - - -- - - - - - - - - - - - - - - ---- - - - - - - - - - - -- - - - -- - - - - - - - - - - -- -
a E s t i ma t e d  v a l u e . 
Ta b l e  F - 4 . I r r i g a t i on wa t e r  a v a i l a b l e  f o r  c r o p a u s e . 
P r i ma r y  S e c o nd a r y  S p r i nk l e r  Ye a r  
Iill���--Iilla��----I���----liBl_liB�_liBJ_liB�--A�� 
D i s k 
D i s k 
P l ow 
D i s k  
T i 1 1  
P l an t  
I RT 
Con t r o l 
I RT 
Con t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
a v a i l ab l e  wa t e r  ( mm )  
2 7 5  2 0 3  2 5 0  3 0 0 b  2 5 7  
2 9 8  2 5 5  3 2 9 3 8 2 3 1 6 
2 9 4  2 4 5  3 2 6 3 7 8 3 1 1  
D- 4 1  3 0 0 b  2 5 5  3 4 5  3 7 2 3 1 8 
I - 3 4 4  
I - 1 7 2  
S - 1 0 3  
2 3 8 2 0 2  2 3 7 2 8 9 b  2 4 2 
2 4 8  2 5 3  3 0 6  3 6 7 2 9 4 
2 2 3  1 8 7  2 8 6  3 5 3 2 6 2 
D- 4 1  2 4 0 b  2 3 7  2 8 8  3 5 3 2 8 0 
1 - 1 7 2  
I - 1 7 2  
I - 1 7 2 
I - 1 7 2  
I - 1 7 2 
I - 1 7 2  
2 9 0 2 0 4  3 3 6 3 4 3 2 9 3 
2 4 4  1 7 8  3 1 2  3 4 7  2 7 0  
3 0 0  2 3 2  3 3 9 3 6 1 3 0 8 
2 7 4 2 0 1 3 1 5 3 5 0 2 8 5 
2 8 4  2 2 6  3 3 3  3 6 1 3 0 1 
2 3 0  1 8 5  2 7 7 3 5 2 2 6 1  
a "D " v a r i a b l e o f  Eq u a t i o n 8 .  
b · B a s e d  on e s t i ma t e d i r r i g a t i on d e p t h  a n d  r u n o f f . 
1 3 6  
1 3 7 
Tab l e  F - 5 . I r r i g a t i o n r u n o f f a s  a p e r c e n t  o f  i r r i g a t i o n 
wa t e r  r e a c h i n g t h e  c an o p y . 
P r i ma r y  S e c o n d a r y  S p r i nk l e r Ye a r  
Iill���--Iill���----I���-----1iBZ_liBZ_li�i-1iB�--AY� 
D i s k  
D i s k  
P l ow 
D i s k  
T i  1 1  
P l an t  
I RT 
Con t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I RT 
Con t r o l  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3  
D- 4 1  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3  
D- 4 1  
1 - 1 7 2  
1 - 1 7 2  
1 - 1 7 2  
1 - 1 7 2  
1 - 1 7 2  
1 - 1 7 2 




1 2 a  1 1  
1 4  1 
1 9  4 
2 8 2 6  
2 9 a  1 7  
6 1 4  
2 1  2 5  
3 2 
1 1  1 5  
8 5 







1 3  






1 9  






9 1 9  
1 3  2 0  
8 7 
6 1 5  
3 
6 1 0  
3 5 
5 1 8 
a B a s e d  on e s t i ma t e d i r r i g a t i o n d ep t h  a nd r un o f f .  
Ta b l e  F - 6 . I r r i g a t i on e f f i c i e n c y . a 
P r i ma r y  Se c o nd a r y  S p r i nk l e r Ye a r  
1 3 8 
Iill�i�--Iill���----II��-----liBi_liB�_liB�-liB�--AY� 
D i s k 
D i s k  
P l ow 
D i s k  
T i  1 1  
P l an t  
I RT 
Co n t r o l  
I RT 
Con t r o l  
I RT 
Co n t r o l  
I RT 
Con t r o l  
I - 3 4 4  
I - 1 7 2 
S - 1 0 3 
D - 4 1  
1 - 3 4 4  
1 - 1 7 2  
S - 1 0 3 
D - 4 1 
l - 1 7 2 
1 - 1 7 2  
1 - 1 7 2  
1 - 1 7 2 
I - 1 7 2  
1 - 1 7 2 
i r r . e f f i c i e n c y  ( % ) 
7 9  7 9  
8 7 8 7  
8 5  8 7  
8 3 b 8 4  
6 6  7 9  
7 1  8 6  
6 2  6 4  
6 6 b 7 8  
8 4  
6 9  
8 7  
7 9  
8 2  
6 5  
7 6  
6 5  
8 8  
7 5  
8 5  
6 8  
8 0  
9 0  
9 0  
9 2  
7 5  
8 3  
7 7  
7 6  
8 9  
8 1  
8 9  
8 2  
8 8  
7 1  
S O b 8 0  
8 9  
8 7  
8 6  
8 8  
8 7  
8 6  
7 6 b 7 4  
8 5 
8 1  
8 2  
8 2  
8 4  
8 7  
8 4  
8 7  
8 5  
8 1  
7 1  
7 6  
8 3  
7 5  
8. 8 
8 0 
8 6  
7 2  
a I r r i g a t i o n e f f i c i e n c y  = p e r c e n t  o f  g r o s s  i r r i g a t i o n 
a v a i l ab l e  f o r  c r o p  u s e . As s um e d  s p r ay l o s s e s = 1 - 3 4 4 , 
2 0 % ;  1 - 1 7 2  a nd S - 1 0 3 , 1 0 % ;  D - 4 1 a n d  S - 4 1 , 5 % . 
b B a s e d  on  e s t i ma t e d i r r i g a t i on d e p t h  a n d  r u n o f f . 
1 3 9  
Tab l e  F - 7 . D i e s e l  f u e l r e qu i r em e n t  f o r  f i e l d  op e r a t i o n s  
f r om Gr i f f i t h a n d  P a r s on s  ( 1 9 8 1 ) . 
Op e r a t i o n s  S o i l Dr a f t Ra t i n g s  
-----------------�-------------------L2w ___ M2Q���1�---Hl�h 
S h r e d d i n g c o r n s t a l k s  
S ub s o i l  c h i s e l i ng ,  3 5 . 6  em 
Mo l d b o a r d  p l ow i n g , 2 0 . 3  em 
Ch i s e l i ng ,  2 0 . 3  em 
O f f s e t  d i s k i n g 
F i e l d  c u l t i v a t i ng ,  p l owe d g r o u nd 
T a n d em d i s k i ng ,  p l owed g r o u n d  
Tan d em d i s k i ng ,  2 n d  t r i p  
Tand em d i s k i ng ,  c o r n s t a l k s  
F o rm i n g r i d g e s , f a l l 
H a r r ow i ng ,  s p r i ng t o o t h  
Ha r r ow i ng , s p i k e  t o o t h  
NH3 a p p l i c a t i on ,  n o - t i l l g r o u nd NH3 a p p l i c a t i on ,  p l owe d g r ou n d  F i e l d  cu l t i v a t i n g + p l a n t e r  
S t r i p  r o t a r y  t i l l  + p l an t e r  
P l an t i ng ,  wh e e l t r a c k  
P l an t i n g ,  c on v e n t i on a l  
P l a n t i ng ,  t i l l  
P l an t i n g ,  n o - t i l l 
Cu 1 t i v a t i n g ., d i s k h i 1 1 e r 
Cu l t i v a t i ng ,  swe ep s 
Cu l t i v a t i ng ,  r o l l i ng t i n e s  
Ro t a r y  h o e i n g 
S p r ay i n g f e r t i l i z e r  
S p r ay i ng p e s t i c i d e s  
f ue l � e qu i r eme n t  ( L / h a ) a 
7 . 0 2  
1 2 . 1 6 
1 0 . 7 6 
7 . 0 2  
5 . 6 1  
5 . 1 4  
4 . 6 8  
4 . 2 1  
3 . 7 4 
3 . 7 4  
3 . 2 7 
3 . 2 7 
6 . 0 8  
5 .  6 1  
8 . 8 9  
7 .  9 5 
5 . 6 1  
3 . 7 4  
3 . 7 4 
3 . 7 4  
3 . 2 7 
2 . 8 1  
2 .  8 1  
2 . 3 4 
1 . 8 7  
1 . 4 0  
7 . 0 2  
1 9 . 6 4  
1 7 . 3 0 
1 1 . 6 9  
8 . 8 9  
5 . 6 1  
5 . 1 4 
4 . 6 8  
4 . 2 1  
4 . 2 1  
3 . 7 4 
3 . 2 7  
9 . 8 2  
6 .  5 5  
9 . 8 2  
8 . 8 9  
6 . 0 8 
4 . 6 8  
4 . 6 8  
4 . 6 8  
3 . 7 4  
3 . 2 7  
3 . 2 7 
2 . 3 4  
1 . 8 7  
1 . 4 0  
7 . 0 2  
2 7 . 5 9  
2 4 . 3 2  
1 6 . 3 7 
1 2 . 6 3  
6 . 0 8  
5 . 6 1  
5 . 1 4  
4 . 6 8 
4 . 6 8  
4 .  2 1  
3 . 2 7  
1 3 . 5 6 
7 . 4 8  
1 0 . 7 6 
9 . 8 2  
6 . 5 5  
5 .  6 1  
5 . 6 1  
5 .  6 1  
4 . 2 1  
3 . 7 4  
. 3 .  7 4 
2 . 3 4  
1 . 8 7  
1 . 4 0  
a F u e l  r e q u i r eme n t s  g i v e n  a r e a v e r a g e s o f  t e s t s  c o n d u c t e d 
o v e r  a w i d e  r a n g e  o f  s o i l s . T h e a c t u a l  f u e l  r e qu i r eme n t s 
f o r  a p a r t i cu l a r f i e l d op e r a t i o n i n  a p a r t i c u l a r s o i l  t y p e  
may v a r y a s  m u c h  a s  2 5  p e r c e n t  o r  m o r e  f r om t h e  v a l u e s  
g i v e n . S o i l  t y p e s  a s s o c i a t e d w i t h  t h e  d r a f t r a t i n g s  
i n c l u d e : Low = s a n d s a n d  s a n d y l o am s ; M o d e r a t e = l o am s  
a n d  s i l t l o am s ; H i g h = c l ay l o ams  a n d  c l a y s . To  c o n v e r t 
d i e s e l  t o  g a s o l i n e e q u i v a l e n t , mu l t i p l y  by 1 . 4 .  
Tab l e  F - 8 . D i e s e l  f u e l  r e qu i r em e n t f o r t h e t i l l a g e  
s e qu e n c e s  u s e d . a 
---------- - -- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -�- - - -
T i l l a g e  Se qu e n c e F u e l  
Re q .  
----------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -iLLb�l-
D i s k ,  P l an t , Cu l t i v a t e , I RT 2 0 . 5 b 
D i s k , P l an t , Cu l t i v a t e  1 2 . 2  
P l ow , D i s k ,  P l a n t , Cu l t i v a t e , I RT 3 8 . 7 b 
P l ow ,  D i s k , P l a n t , Cu l t i v a t e  3 0 . 4  
T i 1 1 -P I a n  t , Cu l t i v a t e , I RT 1 6 . 3 b  
T i l l -P l an t , Cu l t i v a t e  8 . 0 
a B a s e d on  G r i f f i t h a n d  P a r s o n s  ( 1 9 8 1 ) .  
b Ca l c u l a t e d I RT f u e l r e qu i r eme n t  = 8 . 3 1 / h a . 




���n�ml� an�l�aia ������m 
1 4 1  
1 0 0 0  D I M  VAR$ ( 1 0 ) ,  UVAR$ ( 1 0 ) ,  VAR 1 ( 1 0 ) ,  VAR 2 ( 1 0 ) , 
P UMPOON ( 2 )  
1 0 0 5  D I M  VAR I AB $ ( 4 ) ,  UVARI AB $ ( 4 ) ,  COST ( 4 ) , R ( 4 ) ,  PVF ( 4 )  
1 0 1 0  D I M  CD ( 3 ) , C 1 ( 3 ) , C2 ( 3 ) ,  PW ( 3 ) ,  SECNAME$ ( 3 )  
1 0 1 5  CLS 
1 0 2 0  PRI NT : PR I NT : PR I NT TAB ( 7 ) ;  
1 4 2  
1 0 2 5  PRI NT " TH I S  PROGRAM ANALYZE S  THE VAR I ABLES OF PUMP I NG 
OOST , T I LLAGE COST "  
1 0 3 0  PRI NT : PRI NT TAB ( 7 ) ; 
1 0 3 5  PRI NT " AND CROP Y I ELD . ANNUAL COSTS OF PUMP I NG AND 
T I LLAGE AND ANNUAL " 
1 0 4 0 PRI NT : PRI NT TAB ( 7 ) ; 
1 0 4 5  PRI NT " I NOOME FROM THE CROP Y I ELD ARE CALCULATED . A 
PRI CE VAR I AT ION "  
1 0 5 0 PRI NT : PRI NT TAB ( 7 ) ; 
1 0 5 5  PR I NT " FACfOR , ACCOUNT I NG FOR I NTEREST RATE , ANALYS I S  
PER I OD AND ANY "  
1 0 6 0  PR I NT : PRI NT TAB ( 7 ) ; 
1 0 6 5 PR I NT " PRI CE VAR I AT I ON DUR I NG THE ANALYS I S  PER I OD ,  I S  
USED TO CONVERT" 
1 0 7 0 PRI NT : PR I NT TAB ( 7 ) ; 
1 0 7 5  PRI NT "ANNUAL COST S TO UN I FORM ANNUAL COST S . "  
1 0 8 0  PRI NT : PRI NT : PRI NT : PR I NT : PRI NT : PRI NT TAB ( 7 ) ;  
1 0 8 5  PRI NT " PRES S ANY KEY TO CONT I NUE . " ;  
1 0 9 0  ANS $ = I NPUT$ ( 1 )  : PRI NT 
1 0 9 5  CLS 
1 1 0 0  PRI NT : PRI NT : PR I NT TAB ( 7 ) ; 
1 1 0 5  PRI NT " UN I FORM ANNUAL COST S  ARE US ED TO DETERM I NE THE 
ECONOM I C  FEAS I - " 
1 1 1 0  PRI NT : PRI NT TAB ( 7 ) ; 
1 1 1 5  PRI NT " B I L I TY OF MOD I F I CAT I ONS I N  THE I RRI GAT I ON 
SYSTEM AND /OR T I LLAGE " 
1 1 2 0  PR I NT : PRI NT TAB ( 7 ) ; 
1 1 2 5 PR I NT " PRACf i CES . THE UN I FORM ANNUAL COST 
D I FFERENCE , PRODUCED BY THE "  
1 1 3 0  PR I NT : PRI NT TAB ( 7 ) ;  
1 1 3 5  PRI NT -"CHANGE ( S ) ,  I S  CONVERTED TO A PRES ENT WORTH 
VALUE US I NG A UN I FORM " 
1 1 4 0  PRI NT : PRI NT TAB ( 7 ) ; 
1 1 4 5  PRI NT " S ERI ES AMORT I ZAT I ON FACfOR . THE PRES ENT WORTH 
VALUE REPRES ENTS " 
1 1 5 0  PRI NT : PRI NT TAB ( 7 ) ;  
1 1 5 5  PRI NT " THE MAX I MUM AMOUNT THAT BE PROF I TABLY I NVESTED 
ON SYSTEM " 
1 1 6 0  PRI NT : PR I NT TAB ( 7 ) ;  
1 1 6 5  PRI NT "MOD I F I CAT I ON . " 
1 1 7 0  PR I NT : PR I NT : PR I NT : PR I NT : PR I NT PRI NT TAB ( 7 ) ;  
1 1 7 5  PR I NT " PRES S ANY KEY TO CONT I NUE . " ;  
1 1 8 0  ANS $ = I NPUT $ ( 1 )  : PR I NT 
1 1 8 5  CLS 
1 1 9 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
1 1 9 5  PR I NT "WHAT I NTEREST RATE W I LL BE USED FOR TH I S  
ANALYS I S  ( % ) ?  " ;  
1 2  0 0 I NPUT " " ,  I 
1 2 0 5  PRI NT : PR I NT : PR I NT TAB ( 7 ) ; 
1 2 1 0  PRI NT " WHAT LENGTH OF T I ME W I LL BE USED FOR TH I S  
ANALYS I S  ( YEARS ) ?  " ;  
1 2 1 5  I NPUT " " , Y 
1 2 2 0  AF = ( 1  - ( 1  + I / 1 0 0 ) A -Y ) I ( I / 1 0 0 ) 
1 2 2 5  w = 0 
1 2 3 0  GOSUB 4 2 9 5  
1 2 3 5  SECNUM = 1 
1 2 4 0  VARYf $ = " ENERGY TYPE "  
1 2 4 5  VARYC $ = " ENERGY COST "  
1 2 5 0  S ECNAME$ ( SECNUM ) = " P UMP I NG COST" 
1 2 5 5  GOS UB 4 2 7 0  
1 4 3  
1 2 6 0 PR I NT " PUMP I NG COST DEPENDS ON I RRI GATED AREA , STAT I C  
L I FT ,  FR I CT I ON "  
1 2 6 5  PRI NT TAB ( 7 ) ; 
1 2 7 0  PRI NT " AND  MI NOR LOS S ES I N  THE DEL I VERY SYSTEM , 
SYSTEM PRES SURE , YEARLY " 
1 2 7 5  PRI NT TAB ( 7 ) ; 
1 2 8 0  PR I NT " APPL I CAT I ON DEPTH , PUMP I NG PLANT EFF I C I ENCY , 
S PRAY LOS S , RUNOFF , "  
1 2 8 5  PRI NT _ TAB ( 7 ) ; 
1 2 9 0  PR I NT "DEEP PERCOLAT I ON AND ENERGY COST S . "  
1 2 9 5  PR I NT : PRI NT : PRI NT TAB ( 7 )  
1 3 0 0  PR I NT "DO YOU W I SH TO CALCULATE PUMP I NG COST ( Y /N ) ? 
" . ' 
1 3 0 5  L I NE I NP UT " " , ANS $ 
1 3 1 0 I F  ANS·$ = "Y " OR ANS $ = " y " THEN 1 3 2 5  
1 3 1 5 I F  ANS $ = " N "  OR ANS $ = " n " THEN 2 2 9 5 
1 3 2 0  GOSUB 4 3 5 0  : GOTO 1 3 0 0  
1 3 2 5 N = 1 0  
1 3 3 0  VAR$ ( 1 )  = " I RRI GATED AREA "  
1 3 3 5  VAR$ ( 2 )  = " STAT I C  L I F T" 
1 3 4 0  VAR$ ( 3 )  = " FR I CT I ON AND M I NOR LOS S "  
1 3 4 5  VAR$ ( 4 )  = " S YSTEM PRES SURE " 
1 3 5 0  VAR$ ( 5 )  = " TOTAL APPL I CAT I ON DEPTH "  
1 3 5 5  VAR$ ( 6 )  = " PUMP I NG PLANT EF F I C I ENCY " 
1 3 6 0 VAR$ ( 7 )  = " S PRAY LOS S "  
1 3 6 5  VAR$ ( 8 )  = "RUNOFF " 
1 3 7 0 VAR$ ( 9 )  = "DEEP PERCOLAT I ON "  
1 3 7 5  V AR$ ( 1 0 )  = " I RR I GAT I ON EF F I C I ENCY " 
1 3 8 0 I F  W = 1 THEN 1 4 1 5  
1 3 8 5  UVAR$ ( 1 )  = " ( AC ) " 
1 3 9 0 UVAR$ ( 2 )  = " ( FT ) " 
1 3 9 5  UVAR$ ( 3 )  = " ( FT ) " 
1 4 0 0  UVAR$ ( 4 )  = " ( PS I ) " 
1 4 0 5  UVAR$ ( 5 )  = " ( I N ) " 
1 4 1 0 GOTO 1 4 4 0  
1 4 1 5  UVAR$ ( 1 )  = " ( HA ) "  
1 4 2 0 UVAR$ ( 2 )  = " ( M ) "  
1 4  2 5 UV AR$ ( 3 ) = " ( M )  " 
1 4 3 0  UVAR$ ( 4 )  = " ( KPA ) "  
1 4  3 5 UV AR$ ( 5 ) = " ( MM )  " 
1 4  4 0 UV AR$ ( 6 ) = " ( % ) " 
1 4 4 5  UVAR$ ( 7 )  = " ( % ) "  
1 4 5 0 UVAR$ ( 8 )  = " ( % ) "  
1 4 5 5  UVAR$ ( 9 ) = " ( % ) "  
1 4  6 0 UV AR$ ( 1 0  ) = " ( % ) "  
1 4 6 5  GOSUB 4 3 7 0  
1 4 7 0  CLS 
1 4 7 5  PRI NT : PRI NT : PR I NT TAB ( 7 ) ;  
1 4 8 0 z = 0 
1 4 8 5  PRI NT " TYPE THE LETTER CORRES POND ING TO THE ENERGY 
CURRENTLY USED BY " 
1 4 9 0  PRI NT TAB ( 7 ) ; 
1 4 9 5 PRI NT "YOUR I RR I GAT I ON SYSTEM . " 
1 5 0 0  PRI NT : PRI NT TAB ( 1 2 ) ;  
1 5 0 5 I F  VAR I AB $ ( 1 )  = " ELECI'R I C I TY "  THEN 1 5 2 5  
1 5 1 0  PRI NT " E  = ELECTR I C I TY "  
1 5 1 5 PRI NT TAB ( 1 2 ) ;  
1 5 2 0 I F  VAR I AB $ ( 1 )  = "D I ES EL FUEL " THEN 1 5 4 0  
1 5 2 5  PRI NT " D  = D I ES EL FUEL " 
1 5 3 0  PRI NT TAB ( l 2 ) ;  
1 5 3 5 I F  VAR I AB $ ( 1 )  = " GASOL I NE "  THEN 1 5 4 5  
1 5 4 0 PRI NT " G  = GASOL I NE "  
1 5 4 5 L I NE I NPUT " " , ANS $ 
1 5 5 0  z = z + 1 
1 5 5 5  CLS 
1 5 6 0  PR I NT : PR I NT : PRI NT TAB ( 7 ) ; 
1 5 6 5  I F  ANS $ = " E "  OR ANS $ = " e " THEN 1 5 8 5  
1 5 7 0  I F  ANS $ = "D " OR ANS $ = " d "  THEN 1 6 2 0  
1 5 7 5  I F  ANS $ = " G "  OR ANS $ = " g "  THEN 1 6 6 0  
1 5 8 0  GOS UB 4 3 5 0 : GOTO 1 4 8 5  
1 5 8 5  VAR I AB$ ( Z )  = " ELECTR I C I TY "  
1 5  9 0 UV AR I AB $  ( Z )  = " ( CENTS/KWH ) " 
1 5 9 5  I F  W = 1 THEN 1 6 1 0  
1 6 0 0  PUMPOON ( Z )  = . 0 8 5 3  
1 6 0 5  GOTO 1 6 9 5  
1 6  1 0 PUMP CON ( Z ) = • 0 2 7 2 
1 6 1 5  ooro 1 6 9 5  
1 6 2 0 VAR I AB $ ( Z ) = "D I ES EL FUEL " 
1 6 2 5  I F  W = 1 THEN 1 6 4 5  
1 6 3 0  UVAR I AB $ ( Z )  = " ( CENTS /GAL ) " 
1 6 3 5  PUMPOON ( Z )  = . 0 0 2 1 5 
1 6 4 0  GOTO 1 6 9 5  
1 6 4 5 UVAR I AB $ ( Z )  = " ( CENTS / L ) " 
1 6 5 0 PUMPOON ( Z )  = . 0 0 2 6 
1 4 4 
1 6 5 5  GOTO 1 6 9 5  
1 6 6 0  VAR I AB $ ( Z )  = "GA SOL I NE "  
1 6 6 5  I F  W = 1 THEN 1 6 8 5  
1 6 7 0 UVAR I AB $ ( Z ) = " ( CENT S /GAL ) "  
1 6 7 5  PUMPCON ( Z ) = . 0 0 2 3 4  
1 6 8 0  GOTO 1 6 9 5  
1 6 8 5  UVAR I AB $ ( Z )  = " ( CENTS / L ) " 
1 6 9 0 PUMPCON ( Z )  = . 0 0 2 8 3  
1 6 9 5  PRI NT "WHAT I S  THE <X>ST OF " ; VAR I AB $ ( Z ) ; "  
" ; UVAR I AB $ ( Z ) ; " ? " ;  
1 7 0 0  I NPUT " " , COST ( Z )  
1 7 0 5 GOSUB 4 1 2 5 
1 7 1 0  I F  Z = 2 THEN 1 8 0 0  
1 7 1 5 PR I NT "W I LL THE " ;  V ARYT $ ; "  CHANGE ( Y  /N ) ? " ;  
1 7 2 0 L I NE I NP UT " " , ANS $ 
1 7 2 5 I F  ANS $ = "Y " OR ANS $  = " y "  THEN 1 7 4 0  
1 7 3 0  I F  ANS $ = "N"  OR ANS $ = " n " THEN 1 7 7 0  
1 7 3 5 GOSUB 4 3 5 0  : GOTO 1 7 1 5  
1 7 4 0  CLS 
1 7 4 5 PR I NT : PRI NT : PR I NT TAB ( 7 ) ;  
1 7 5 0  PRI NT " TYPE THE LETTER CORRESPOND I NG TO THE NEW 
ENERGY THAT W I LL BE USED " 
1 7 5 5  PRI NT TAB ( 7 ) ;  
1 7 6 0  PRI NT " BY YOUR I RR I GAT I ON S YS TEM . " 
1 7 6 5  GOTO 1 5 0 0  
1 7 7 0  PUMPCON ( 2 )  = PUMPCON ( 1 )  
1 7 7 5  UVAR I AB$ ( 2 )  = UV AR I AB $ ( 1 )  
1 7 8 0  VAR I AB$ ( 2 )  = VAR I AB $ ( 1 )  
1 7 8 5  OOST ( 2 )  = OOST ( 1 )  
1 7 9 0  R ( 2 )  = R ( 1 )  
1 7 9 5  PVF ( 2 )  = PVF ( 1 )  
1 8 0 0 CLS 
1 8 0 5 PRI NT : PR I NT : PR I NT TAB ( 7 ) ;  
1 8 1 0  VAR I AB$ ( 3 )  = "DEMAND CHARGE " 
1 8 1 5 VAR I AB $  ( 4 )  = "DEMAND CHARGE " 
1 8 2 0 z = 3 
1 8 2 5  I F  VAR I AB $ ( 1 )  " ELECTR I C I TY "  THEN 1 8 9 0  
1 8 3 0  PRI NT "WHAT I S  THE CURRENT TOTAL ELECTR I CAL DEMAND 
CHARGE ( $ ) ?  " ;  
1 8  3 5  I NPUT " " ,  DC1 
1 8 4 0 I F  DC 1 = 0 THEN 1 8 9 0  
1 8 4 5  GOSUB 4 1 2 5 
1 8 5 0  I F  VAR I AB $  ( 2 )  " ELECTR I C I TY "  THEN 1 9 6 0  
1 8 5 5  PR I NT TAB ( 7 ) ;  
1 8 6 0  PR I NT "WI LL THE DEMAND CHARGE CHANGE ( Y /N) ? " ;  
1 8 6 5  L I NE I NPUT " " , ANS $ 
1 8 7 0 PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
1 8 7 5  I F  ANS $ = "Y " OR ANS $ = " y " THEN 1 9 1 0  
1 8 8 0  I F  ANS $ = "N"  OR ANS $ = " n " THEN 1 9 4 0  
1 8 8 5  GOSUB 4 3 5 0 : GOTO 1 8 6 0  
1 4 5  
1 8 9 0  DC l  = 0 : R ( 3 )  = 0 : PVF ( 3 )  = 1 
1 8 9 5  PRI NT : PRI NT : GOTO 1 8 5 5 
1 9 0 0  I F  VAR I AB $ ( 2 ) "ELECTR I C I TY "  THEN 1 9 6 0  
1 9 0 5  PRI NT TAB ( 7 ) ; 
1 4 6  
1 9 1 0 PRI NT "WHAT W I LL BE THE NEW TOTAL ELECI'R I CAL DEMAND 
CHARGE ( $ ) ?  " ;  
1 9 1 5  I NPUT " " , DC2 
1 9 2 0 I F  DC2 = 0 THEN 1 9 6 0  
1 9 2 5  z = z + 1 
1 9 3 0 GOSUB 4 1 2 5 
1 9 3 5  GOTO 1 9 6 5  
1 9 4 0 OC2 = OC l  
1 9 4 5  R ( 4 )  = R ( 3 )  
1 9 5 0 PVF ( 4 )  = PVF ( 3 )  
1 9 5 5  GOTO 1 9 6 5  
1 9  6 0 OC 2  = 0 : R (  4 )  = 0 : PVF ( 4 )  = 1 
1 9 6 5  GOSUB 4 5 6 5  
1 9 7 0  PRI NT : PRI NT TAB ( 7 ) ; 
1 9 7 5 I F  DC l  = 0 AND DC 2  = 0 THEN 2 0 6 5  
1 9 8 0  I F  DCl = 0 AND DC2 0 THEN 2 0 0 5  
1 9 8 5  PRI NT " CURRENT TOTAL ELECTR I CAL DEMAND CHARGE ( $ ) = 
ft • 
' 
1 9 9 0  PR I NT US I NG " # # # # # . # # " ; De l  
1 9 9 5  I F  DC 2  = 0 THEN 2 0 1 5  
2 0 0 0  PRI NT TAB ( 7 ) ;  
2 0 0 5  PR I NT " NEW TOTAL ELECI'RI CAL DEMAND CHARGE ( $ )  = " ;  
2 0 1 0  PRI NT US I NG " # # # # # . # # " ; DC2 
2 0 1 5 ANS $ = I NPUT $ ( 1 )  
2 0 2 0  PRI NT : PRI NT TAB ( 7 ) ; 
2 0 2 5 I F  DC l  = 0 AND DC2 0 THEN 2 0 5 0  
2 0 3 0  PRI NT "-PR I CE VAR IAT I ON OF CURRENT ELECfR ICAL DEMAND 
CHARGE ( %  ) = " ; 
2 0 3 5 PR I NT US I NG " # # # . # # " ; R ( 3 )  
2 0 4 0  I F  DC2 = 0 THEN 2 0 6 0  
2 0 4 5  PRI NT TAB ( 7 ) ;  
2 0 5 0  PRI NT " PR I CE VAR I AT I ON OF NEW ELECfRI CAL DEMAND 
CHARGE ( % ) = " ;  
2 0 5 5 PR I NT US I NG " # # # • # # "  ; _R ( 4 ) 
2 0 6 0  ANS $ = I NPUT$ ( 1 )  
2 0 6 5  CLS 
2 0 7 0  PRI NT : PR I NT : PR I NT TAB ( 7 ) ;  
2 0 7 5  PRI NT "DO YOU W I SH TO REV I EW YOUR ANSWERS AGA I N  
( Y /N ) ? " ;  
2 0 8 0 LI NE I NPUT " " , ANS $ 
· 2 0 8 5 I F ANS $ = " Y "  OR ANS $ = " y " THEN 1 9  6 5 
2 0 9 0  I F  ANS $ = " N "  OR ANS $ = " n "  THEN 2 1 0 0  
2 0 9 5  GOSUB 4 3 5 0  : GOTO 2 0 7 5  
2 1 0 0  PR I NT : PR I NT : PRI NT TAB ( 7 ) ;  
2 1 0 5  PRI NT " ARE ALL OF THE ANSWERS CORRECT ( Y / N ) ? " ;  
2 1 1 0  L I NE I NP UT " " , ANS $ 
1 4 8 
OONSUMPT I ON AND FUEL COST S . " 
2 3 3 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
2 3 3 5  PRI NT "DO YOU W I S H  TO CALCULATE T I LLAGE COST ( Y / N ) ? 
" . ' 
2 3 4 0  L I NE I NPUT " " , ANS $ 
2 3 4 5  I F  ANS $ = "Y"  OR ANS $ = " y "  THEN 2 3 6 0  
2 3 5 0  I F  ANS $ = " N "  OR ANS $ = " n " THEN 2 7 7 0  
2 3 5 5  GOSUB 4 3 5 0  : GOTO 2 3 3 5 
2 3 6 0  N = 2 
2 3 6 5  I F  VAR$ ( 1 )  = " I RRI GATED AREA" THEN S I ZE = 1 
2 3 7 0  VAR$ ( 1 )  = " F I ELD S I ZE "  
2 3 7 5  VAR$ ( 2 )  = " FUEL CONSUMPT I ON "  
2 3 8 0  I F  W = 1 THEN 2 4 0 0 
2 3 8 5 UV AR$ ( 1 ) = " ( AC ) " 
2 3 9 0 UV AR$ ( 2 ) = " ( GAL I AC ) " 
2 3 9 5  GOTO 2 4 1 0  
2 4 0 0 UV AR$ ( 1 ) = " ( HA )  " 
2 4 0 5  UVAR$ ( 2 )  = " ( L /HA ) "  
2 4 1 0  CLS 
2 4 1 5 PRI NT : PRI NT : PRI NT TAB ( 7 ) ;  
2 4 2 0  PRI NT " TYPE THE LETTER CORRESPOND I NG TO THE TYPE OF 
FUEL CURRENTLY USED " 
2 4 2 5  PRI NT TAB ( 7 ) ; 
2 4 3 0 PRI NT " FOR T I LLAGE OPERAT I ONS . "  
2 4 3 5  PRI NT : PRI NT TAB ( 1 2 ) ;  
2 4 4 0 PRI NT "D = D I ES EL FUEL " 
2 4 4 5  PRI NT TAB ( 1 2 ) ;  
2 4 5 0 PR I NT "G = GA SOL I NE "  
2 4 5 5  L I NE I NPUT " " , ANS $ 
2 4 6 0 z = 1 
2 4 6 5 CLS 
2 4 7 0  PRI NT : PRI NT : PR I NT TAB ( 7 ) ;  
2 4 7 5  I F  ANS $ = "D " OR ANS $ = " d "  THEN 2 4 9 0  
2 4 8 0 I F  ANS $ = "G"  OR ANS $ = " g "  THEN 2 5 0 0  
2 4 8 5  GOSUB 4 3 5 0  : GOTO 2 4 4 0 
2 4 9 0 VAR I AB $ ( Z )  = "D I ES EL FUEL " 
2 4 9 5 GOTO 2 5 0 5  
2 5 0 0  VAR I AB $ ( Z )  = "GASOL I NE "  
2 5 0 5 I F  W = 1 THEN 2 5 2 0  
2 5 1 0  UVAR I AB $ ( Z )  = " ( CENT S /GAL ) " 
2 5 1 5  GOTO 2 5 2 5  
2 5 2 0 UVAR I AB $ ( Z )  = " ( CENTS / L ) " 
2 5 2 5  I F  Z = 2 THEN 2 5 9 0  
2 5 3 0  PRI NT " W I LL THE " ; VARYT $ ; "  CHANGE ( Y /N ) ? " ;  
2 5 3 5 L I NE I NP UT " " , ANS $ 
2 5 4 0  I F  ANS $ = "Y " OR ANS $ = " y "  THEN 2 5 5 5  
2 5 4 5  I F  ANS $ = "N"  OR ANS $ = " n " THEN 2 5 8 0  
2 5 5 0  GOSUB 4 3 5 0  : GOTO 2 5 3 0  
2 5 5 5  z = 2 
2 5 6 0  CLS 
2 5 6 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
2 5 7 0  I F  VARI AB $ ( 1 )  = "D I ESEL FUEL " THEN 2 5 0 0  
2 5 7 5  I F  VAR I AB$ ( 1 )  = " GAS OL I NE "  THEN 2 4 9 0  
2 5 8 0 UVARI AB $ ( 2 )  = UVARI AB $ ( 1 )  
2 5 8 5  VAR I AB$ ( 2 ) = VAR I AB$ ( 1 )  
2 5 9 0 GOSUB 4 3 7 0 
2 5 9 5  CLS 
2 6 0 0  PR I NT : PRI NT : PRI NT TAB ( 7 ) ; 
2 6 0 5 z = 0 
2 6 1 0  z = z + 1 
2 6 1 5  PRI NT "WHAT I S  THE OOST OF " ; VAR I AB$ ( Z ) ; "  
" ; UVAR I AB $ ( Z ) ; " ? " ;  
2 6 2 0  I NPUT '"' , CX>ST ( Z )  
2 6 2 5 GOSUB 4 1 2 5 
2 6 3 0  I F  VAR I AB $ ( 2 )  = VAR I AB $ ( 1 )  THEN 2 6 4 5 
2 6 3 5 I F  Z = 2 THEN 2 6 6 0  
2 6 4 0  GOTO 2 6 1 0 
2 6 4 5 COST ( 2 )  = COST ( l )  
2 6 5 0  R ( 2 )  = R ( 1 )  
2 6 5 5  PVF ( 2 )  = PVF ( 1 )  
2 6 6  0 GOSUB 4 5 6 5 
2 6 6 5  CLS 
2 6 7 0 PRI NT : PR I NT : PR I NT TAB ( 7 ) ; 
2 6 7 5  PRI NT "DO YOU W I S H TO REV I EW YOUR ANSWERS AGA I N  
( Y I N ) ? " ;  
2 6 8 0  L I NE I NPUT " " , ANS $  
2 6 8 5  I F  ANS $ = "Y " OR ANS $ = " y "  THEN 2 6 6 0  
2 6 9 0 I F  ANS $ = "N " OR ANS $ = " n "  THEN 2 7 0 0  
2 6 9 5  GOSUB 4 3 5 0  : GOTO 2 6 7 5  
2 7 0 0  PR I NT : PRI NT : PR I NT TAB ( 7 ) ;  
2 7 0 5  PRI NT " ARE ALL THE ANSWERS CORRECT ( Y I N ) ? " ;  
2 7 1 0 L I NE I NPUT " " , ANS $ 
2 7 1 5 I F  ANS $ = "Y"  OR ANS $ = " y " THEN 2 7 3 0  
2 7 2 0  I F  ANS $ = " N "  OR ANS $ = " n "  THEN 2 2 9 5 
2 7 2 5  GOSUB 4 3 5 0  : GOTO 2 7 0 5  
2 7 3 0 GOSUB 4 7 7 5  
2 7 3 5 I F  ANS $ = " N "  OR ANS $ = " n "  THEN 2 7 4 5 
1 4 9  
2 7 4 0  LPRI NT. : LPRI NT : LPR I NT : LPR I NT : LPRI NT : LPRI NT 
2 7 4 5 C1 ( S ECNUM ) = VAR 1 ( 1 ) ·* VAR 1 ( 2 )  * OOST ( l )  I 1 0 0 * 
PVF ( 1 )  
2 7 5 0  C2 ( S ECNUM ) = VAR 2 ( 1 )  * VAR 2 ( 2 )  * OOST ( 2 )  I 1 0 0 * 
PVF ( 2 )  
2 7 5 5 CD ( S ECNUM ) = C 1 ( S ECNUM ) - C2 ( S ECNUM ) 
2 7 6 0  PW ( SECNUM ) = CD ( S ECNUM ) * AF 
2 7 6 5  GOSUB 4 9 6 0  
2 7 7 0  S ECNUM = 3 
2 7 7 5  SECNAME$ ( SECNUM ) = "Y I ELD I NCOME " 
2 7 8 0  VARIT $ = " CROP TYPE " 
2 7 8 5  GOS UB 4 2 7 0 
2 7 9 0 PR I NT " TH I S S EGr i ON ANALYZES THE I NCOME GENERATED BY 
1 5 0  
THE CROP � " 
2 7 9 5  PR I NT : PRI NT : PR I NT TAB ( 7 ) ;  
2 8 0 0  PRI NT "DO YOU W I SH TO CALCULATE YI ELD I NCOME ( Y / N ) ? 
" . , 
2 8 0 5 L I NE I NPUT " " , ANS $ 
2 8 1 0  I F  ANS $ = " Y "  OR ANS $ = " y "  THEN 2 8 2 5  
2 8 1 5 I F  ANS $ = " N "  OR ANS $ = " n "  THEN 3 5 3 0  
2 8 2 0  GOSUB 4 3 5 0  :· GOTO 2 8 0 0  
2 8 2 5  N = 1 
2 8 3 0 VAR$ ( 1 ) = " F I ELD S I ZE "  
2 8 3 5  I F  W = 1 THEN 2 8 5 0  
2 8 4 0 UV AR $ ( 1 ) = " ( AC ) " 
2 8 4 5  GOTO 2 8 5 5  
2 8 5 0  UVAR$ ( 1 ) = " ( HA ) "  
2 8 5 5 I F  VAR$ ( 1 )  = " I RRI GATED AREA" THEN 2 8 6 5  
2 8 6 0  GOSUB 4 3 7 0 
2 8 6 5  CLS 
2 8 7 0 PRI NT : PR I NT : PRI NT TAB ( 7 ) ;  
2 8 7 5  PRI NT " WHAT CROP I S  CURRENTLY GROWN? " ;  
2 8 8 0  L I NE I NPUT " " , CROP ! $  
2 8 8 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
2 8 9  0 PR I NT "WHAT UN I T S  ARE USED TO MEASURE Y I ELD ? " ;  
2 8 9 5  L I NE I NPUT " " , UCROP l $  
2 9 0 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
2 9 0 5  I F  W = 1 THEN 2 9 2 5  
2 9 1 0  PRI NT "WHAT I S  THE CURRENT " ; CROP ! $ ; "  Y I ELD 
( " ; UCROP 1 $ ; " I AC ) ? " ;  
2 9 1 5  I NPUT " " , YI ELD! 
2 9 2 0 GOTO 2 9 3 5  
2 9 2 5  PRI NT "WHAT I S  THE CURRENT " ; CROP ! $ ; "  Y I ELD 
( " ;  UCROP 1 $ ;  " /HA ) ?  " ;  
2 9 3 0  I NPUT � " , YI ELD! 
2 9 3 5 CLS 
2 9 4 0 PR I NT : PR I NT : PRI NT TAB ( 7 ) ; 
2 9 4 5  PRI NT "WI LL THE TYPE OF CROP CHANGE ( Y / N ) ? " ;  
2 9 5 0 L I NE I NPUT " " , ANS $ 
2 9 5 5  I F  ANS $ = "Y" OR ANS $ = " y "  THEN 2 9 7 0  
2 9 6 0  I F  ANS $ = " N "  OR ANS $ = " n " THEN 3 0 1 0  
2 9 6 5  GOSUB 4 3 5 0  : GOTO 2 9 4 5  
2 9 7 0 CLS 
2 9 7 5 PRI NT : PRI NT : PR I NT TAB ( 7 ) ;  
2 9 8 0 PRI NT " WHAT WI LL BE THE NEW CROP ? " ;  
2 9 8 5  L I NE I NPUT " " , CROP 2 $  
2 9 9 0 PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
2 9 9 5  PR I NT "WHAT W I LL BE THE UN I T S  USED TO MEASURE Y I ELD ?  
" . 
' 
3 0 0 0  LI NE I NPUT " " , UCROP 2 $  
3 0 0 5  GOTO 3 0 2 0  
3 0 1 0  CROP 2 $  = CROP ! $  
3 0 1 5  UCROP 2 $ = UCROP l $ 
3 0 2 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
3 0 2 5  I F  W = 1 THEN 3 0 4 5  
3 0 3 0  PRI NT "WHAT W I LL BE THE NEW " ; CROP 2 $ ; "  Y I ELD 
( " ; UCROP 2 $ ; " I AC ) ? " ; 
3 0 3 5  I NPUT " " , Y I ELD2 
3 0 4 0  GOTO 3 0 5 5  
3 0 4 5  PRI NT "WHAT W I LL BE THE NEW " ; CROP 2 $ ; "  Y I ELD 
( " ; UCROP 2 $ ;  " IRA ) ? · " ;  
3 0 5 0  I NPUT " " ;  Y I E LD2 
3 0 5 5  CLS 
3 0 6 0 PRI NT : PR I NT : PRI NT TAB ( 7 ) ; 
3 0 6 5 PRI NT " WHAT I S  THE COST OF " ; CROP ! $ ; "  
( $ I " ; UCROP 1 $ ; " ) ? " ; 
3 0 7 0  I NPUT " " , COST ! 
3 0 7 5  z = 1 
3 0 8 0 VAR I AB $ ( Z )  = CROP ! $  
3 0 8 5  GOSUB 4 1 2 5  
3 0 9 0  I F  CROP 2 $  = CROP ! $  THEN 3 1 2 5  
3 0 9 5  PRI NT " WHAT I S  THE COST OF " ; CROP 2 $ ; "  
( $ I " ; UCROP 2 $ ; " ) ? " ; 
3 1 0 0  I NPUT " " , COST2 
3 1 0 5  z = 2 
3 1 1 0  VAR I AB $ ( Z )  = CROP 2 $ 
3 1 1 5 GOSUB 4 1 2 5  
3 1 2 0  GOTO 3 1 4 5  
3 1 2 5 COST 2  = COST ! 
3 1 3 0  R ( 2 )  = R ( l )  
3 1 3 5  PVF ( 2 )  = PVF ( l )  
3 1 4 0  VAR I AB $ ( 2 )  = VAR I AB $ ( 1 )  
3 1 4 5  GOSUB 4 5 6 5  
3 1 5 0  I F  W = 1 THEN 3 1 9 0  
3 1 5 5  PRI NT  " CURRENT CROP Y I ELD ( " ; UCROP 1 $ ; " 1 AC ) = " ; 
3 1 6 0  PRI NT US I NG " # # # # # . # # " ; Y I E LD! 
3 1 6 5  PRI NT TAB ( 7 ) ; 
3 1 7 0  PRI NT " NEW CROP Y I ELD ( " ; UCROP 2 $ ; " 1 AC ) = " ;  
3 1 7 5  PRI NT US I NG " # # # # # . # # " ; YI ELD2 
3 1 8 0  ANS $ = I NPUT $ ( 1 )  : PRI NT : PRI NT TAB ( 7 ) ;  
3 1 8 5  GOTO 3 2 2 0 
3 1 9 0  PRI NT " CURRENT CROP Y I ELD ( " ; UCROP 1 $ ; " 1HA ) = " ;  
3 1 9 5  PRI NT US I NG " # # # # # . # # " ; Y I E LD! 
3 2 0 0  PRI NT TAB ( 7 ) ;  
3 2 0 5  PR I NT "NEW CROP Y I ELD ( " ; UCROP 2 $ ; " 1HA ) = " ;  
3 2 1 0  PRI NT US I NG " # # # #·# . # # " ; Y I E LD2 
3 2 1 5 ANS $ = I NPUT $ ( ! )  : PR I NT : PR I NT TAB ( 7 ) ;  
3 2 ·2 0 PRI NT CROP 1 $  ; " PR I CE ( $ / "  ; UCROP 1 $  ; " ) = " ; 
3 2 2 5  PRI NT U S I NG " # # # # . # # " ; COST ! 
3 2 3 0 I F  CROP 2 $ = CROP ! $ THEN 3 2 5 0  
3 2 3 5  PR I NT TAB ( 7 ) ; 
3 2 4 0  PRI NT CROP 2 $ ; "  PRI CE ( $ / " ; UCROP 2 $ ; " ) = " ; 
3 2 4 5  PRI NT US I NG " # # # # . # # " ; OOST2 
1 5 1 
3 2 5 0  ANS $ = I NPUT $ ( 1 )  : PRI NT : PRI NT TAB ( 7 ) ; 
3 2 5 5  PRI NT CROP 1 $ ; "  PRI CE VAR I AT I ON ( % ) = " ;  
3 2 6 0  PRI NT US I NG  " # # # . # # " ; R ( l )  
3 2 6 5  I F  CROP 2 $  = CROP 1 $  THEN 3 2 8 5 
3 2 7 0  PRI NT TAB ( 7 ) ; 
3 2 7 5  PRI NT CROP 2 $ ; " PRI CE VAR I AT I ON ( % ) = " ;  
3 2 8 0  PRI NT US I NG " # # # . # # " ; R ( 2 )  
3 2 8 5  ANS $ = I NPUT $ ( 1 )  
3 2 9 0  CLS 
3 2 9 5  PRI NT : PRI NT : PR I NT TAB ( 7 ) ; 
1 5 2  
3 3 0 0  PRI NT "DO YOU W I SH TO REV I EW YOUR ANSWERS AGAI N  ( Y/ N )  
" . ' 
3 3 0 5  L I NE I NPUT " " , ANS $ 
3 3 1 0 I F  ANS $ = " Y "  OR ANS $  = " y "  THEN 3 1 4 5  
3 3 1 5 I F  ANS $ = " N "  OR ANS $ = " n " THEN 3 3 2 5  
3 3 2 0 GOSUB 4 3 5 0  : GOTO 2 6 7 5  
3 3 2 5 PRI NT : PRI NT : PRI NT TAB ( 7 ) ;  
3 3 3 0  PRI NT " ARE ALL THE ANSWERS CORRECT ( Y / N ) ? " ;  
3 3 3 5  L I NE I NPUT " " , ANS $ 
3 3 4 0  I F  ANS $  = " Y "  OR ANS $ = " y "  THEN 3 3 5 5  
3 3 4 5  I F  ANS $ = " N "  OR ANS $ = " n " THEN 2 7 7 0  
3 3 5 0  GOSUB 4 3 5 0  : GOTO 3 3 3 0  
3 3 5 5  GOSUB 4 7 7 5  
3 3 6 0 I F  ANS $ = "N " OR ANS $ = " n " THEN 3 5 0 5  
3 3 6 5  I F  W = 1 THEN 3 4 0 5  
3 3 7 0 LPR I NT " CURRENT CROP Y I ELD . ( " ; UCROP 1 $ ; " I HA ) = n ; 
3 3 7 5  LPRI NT US I NG " # # # # # . # # " ; Y I ELD! 
3 3 8 0  LPRI NT TAB ( 1 0 ) ;  
3 3 8 5  LPRI NT "NEW CROP Y I ELD ( " ; UCROP l $ ; " /HA ) = " ;  
3 3 9 0  LPRI NT US I NG " # # # # # . # # " ;  Y I ELD2 
3 3 9 5 LPRI NT -- : LPR I NT TAB ( I O ) ; 
3 4 0 0  GOTO 3 4 3 5  
3 4 0 5  LPRI NT " CURRENT CROP Y I ELD ( " ; UCROP I $ ; " /HA )  = " ;  
3 4 1 0  LPRI NT US I NG " # # # # # . # # " ; Y I ELD! 
3 4 1 5 LPRI NT TAB ( I O ) ;  
3 4 2 0  LPRI NT "NEW CROP Y I ELD ( " ; UCROP 2 $ ; " /HA ) = " ;  
3 4 2 5  LPRI NT US I NG  " # # # # # . # # " ; Y I ELD2 
3 4 3 0 LPR I NT . : LPR I NT TAB ( 1 0 ) ; 
3 4 3 5  LPRI NT CROP ! $ ; "  PR I CE . ( $ / " ; UCROP 1 $ ; " ) = " ;  
3 4 4 0 LPRI NT US I NG " # # # # . # # " ; COST ! 
3 4 4 5  I F  CROP 2 $ = CROP ! $ THEN 3 4 6 5  
3 4 5 0 LPRI NT TAB ( I O ) ;  
3 4 5 5  LPRI NT CROP 2 $ ; "  PR I CE ( $ / " ; UCROP 2 $ ; " )  = " ;  
3 4 6 0  LPRI NT US I NG " # # # # . # # " ; CO ST.2 
3 4 6 5 LPRI NT : LPRI NT TAB ( I O ) ;  
3 4 7 0  LPRI NT CROP ! $ ; "  PR I CE VAR IAT I ON ( % ) = " ;  
3 4 7 5  LPRI NT US I NG " # # # . # # " ; R ( l )  
3 4 8 0  I F  CROP 2 $ = CROP l $ THEN 3 5 0 0  
3 4 8 5 LPR I NT TAB ( l O ) ;  
3 4 9 0 LPR I NT CROP 2 $ ;  " . PRI CE VAR I AT I ON ( % ) = " ;  
1 5 3 
3 4 9 5 LPRI NT US I NG " # # # . # # " ; R ( 2 )  
3 5 0 0  LPRI NT : LPRI NT : LPRI NT : LPRI NT : LPRI NT : LPR I NT 
3 5 0 5  C l ( S ECNUM ) = VAR l ( l )  * YI ELD! * COST ! * PVF ( l )  
3 5 1 0  C2 ( S ECNUM )  = V AR 2  ( 1 )  * Y I  ELD2 * COST 2  * P VF (. 2 )  
3 5 1 5  CD ( S ECNUM ) = C 2 ( S ECNUM) - C 1 ( S ECNUM ) 
3 5 2 0  PW ( S ECNUM ) = CD ( S ECNUM ) * AF 
3 5 2 5  GOS UB 4 9 6 0  
3 5 3 0  CLS 
3 5 3 5  PRI NT : PRI NT : PR I NT TAB ( 7 ) ;  
3 5 4 0  PRI NT "YOU WI LL NOW BE ALLOWED TO REV I EW THE F I NAL 
RESULT S . RESULT S "  
3 5 4 5  PRI NT TAB ( 7 ) ; 
3 5 5 0  PR I NT " FROM THE VAR I OUS S ECI' I ONS WI LL BE D I SPLAYED 
ONE S ET AT A T I ME . " 
3 5 5 5  PRI NT TAB ( 7 ) ; 
3 5 6 0 PRI NT "H I TT I NG ANY KEY WI LL CAUSE THE NEXT SET TO BE 
D I S PLAYED . A" 
3 5 6 5 PRI NT TAB ( 7 ) ; 
3 5 7 0  PRI NT " F I NAL OVERALL ANALYS I S  WI LL ALSO BE 
PRES ENTED . "  
3 5 7 5  PR I NT : PRI NT : PR I NT 
3 5 8 0 FOR Z = 1 TO 3 
3 5 8 5  I F  Cl ( Z )  = 0 AND C2 ( Z )  = 0 THEN 3 6 9 0  
3 5 9 0 PR I NT TAB ( 7 ) ; 
3 5 9 5 PRI NT SECNAME$ ( Z ) ; "  RESULTS " 
3 6 0 0  PRI NT : PRI NT TAB ( 1 2 ) ;  · 
3 6 0 5 PR I NT " CURRENT UN I FOR.rvl ANNUAL " ; SECNAME$ ( Z )  ; " ( $ ) = 
" . ' 
3 6 1 0  
3 6 1 5 
3 6 2 0  
3 6 2 5 
3 6  3 0  
3 6 3 5 
( $ )  = 
3 6 4 0  
3 6 4 5 
3 6 5 0  
- " ·  - ' 
3 6 5 5  
3 6 6 0  
3 6 6 5 
3 6 7 0  
3 6 7 5  
3 6 8 0  
3 6 8 5  
3 6 9 0 
3 6 9 5  
3 7 0 0  
3 7 0 5  
PRI NT US I NG " # # # # # # . # # " ; C l ( Z )  
PRI NT TAB ( 1 2 ) ;  
PRI NT " NEW UN I FORM ANNUAL " ; S ECNAME$ ( Z ) ; " ( $ ) = " ;  
PRI NT US I NG  " # # # # # # . # # " ; C 2 ( Z )  
PRI NT TAB ( 1 2 ) ;  
PRI NT " UN I FORM ANNUAL " ; S ECNAME$ ( Z ) ; "  D I FFERENCE 
" . ' 
PRI NT US I NG " # # # # # # . # # " ; CD ( Z )  
PRI NT TAB ( 1 2 ) ; 
PRI NT " PRES ENT WORTH OF ANNUAL COST D I FFERENCE ( $ )  
PRI NT US I NG " # # # # # # . # # " ; PW ( Z )  
ANS $ = I NPUT$ ( 1 )  
PRI NT PRI NT 
TOTCl = TOTCl + C l ( Z )  
TOTC2 = TOTC2 + C2 ( Z )  
TOTCD = TOTCD + CD ( Z ) 
TOTPW = TOTPW + PW ( Z )  
NEXT Z 
CLS 
PRI NT : PRI NT : PR I NT TAB ( 2 3 ) ;  
PRI NT "OVERALL F I NAL RESULTS " 
3 7 1 0  PRI NT : PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
3 7 1 5 PRI NT " I NTEREST RATE ( % ) = " ;  
3 7 2 0  PRI NT US I NG " # # . # # " ; I 
3 7 2 5 PRI NT : PRI NT TAB ( 7 ) ;  
3 7 3 0  PRI NT " PERI OD OF ANALYS I S  ( YEARS ) = " ;  
3 7 3 5  PRI NT US I NG " # # . # # " ; Y 
3 7 4 0 PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
3 7 4 5 PRI NT " TOTAL CURRENT UN I FORM ANNUAL COST ( $ )  = " ;  
3 7 5 0  PRI NT US I NG  " # # # # # # # . # # " ; TOTCl 
3 7 5 5  PRI NT : PRI NT TAB ( 7 ) ;  
3 7 6 0 PRI NT " TOTAL NEW UNI FORM ANNUAL COST ( $ )  = " ; 
3 7 6 5  PRI NT US I NG " # # # # # # # . # # " ; TOTC2 
3 7 7 0  PRI NT : PRI NT TAB ( 7 ) ; 
1 5 4  
3 7 7 5 PR I NT " TOTAL UN I FORM ANNUAL COST D I FFERENCE ( $ ) = " ;  
3 7 8 0  PRI NT US I NG  " # # # # # # # . # # " ; TOTCD 
3 7 8 5  PR I NT : PR I NT TAB ( 7 ) ;  
3 7 9 0  PRI NT " TOTAL PRES ENT WORTH OF ANNUAL COST D I FFERENCES 
( $ ) = " ;  
3 7 9 5 PRI NT US I NG " # # # # # # # . # # " ; TOTPW 
3 8 0 0 ANS $ = I NPUT$ ( ! )  
3 8 0 5 CLS 
3 8 1 0 PRI NT : PRI NT : PR I NT TAB ( 7 ) ;  
3 8 1 5  PRI NT "DO YOU W I SH TO REV I EW THE F I NAL RESULTS AGAI N  
( Y / N ) ? " ;  
3 8 2 0 L I NE I NPUT " " , ANS $ 
3 8  2 5  I F  ANS $ = "Y " OR ANS $ = " y "  THEN 3 5 3 0  
3 8 3 0 I F  ANS $ = "N"  OR ANS $ = " n " THEN 3 8 4 0  
3 8 3 5  GOSUB 4 3 5 0  : GOTO 3 8 1 5  
3 8 4 0 CLS 
3 8 4 5 PRI NT : PRI NT : PR I NT TAB ( 7 ) ;  
3 8 5 0  PRI NT "DO YOU WANT A COPY OF THE F I NAL RESULTS ( Y/ N ) ? 
ft • 
, 
3 8 5 5  
3 8 6 0  
3 8 6 5  
3 8 7 0  
3 8 7 5  
3 8 8 0  
3 8 8 5  
3 8 9 0 
3 8 9 5 
3 9 0 0  
3 9  0 5  
3 9  1 .0  
3 9 1 5  
- " ·  - ' 
3 9 2 0  
3 9  2 5  
3 9  3 0  
3 9  3 5  
L I NE I NPUT " " , ANS $ 
I F  ANS $  = "Y"  OR ANS $ = " y "  THEN 3 8 7 5  
I F  ANS $ = " N "  OR ANS $ = " n " THEN 4 0 8 0 
GOSUB 4 3 5 0  : GOTO 3 8 5 0 
LPRI NT TAB ( 2 8 ) ;  
LPRI NT " F I NAL RE SULTS " 
LPRI NT : LPRI NT : LPR I NT 
FOR Z = 1 TO 3 
I F  Cl ( Z )  = 0 AND C2 ( Z )  = 0 THEN 3 9 7 0  
LPRI NT : LPRI NT : LPRI NT TAB ( 7 ) ; 
LPRI NT SECNAME$ ( Z ) ; "  RES ULT S "  
LPRI NT : LPRI NT TAB ( l O ) ; 
LPRI NT " CURRENT UN I FORM ANNUAL " ;  SECNAME$ ( Z ) ; "  
LPRI NT US I NG " # # # # # # . # # " ; C l ( Z )  
LPRI NT TAB ( 1 0 ) ;  
( $ )  
LPRI NT "NEW UN I FORM ANNUAL " ; SECNAME$ ( Z ) ; "  ( $ ) = " ;  
LPRI NT US I NG " # # # # # # . # # " ; C 2 ( Z )  
1 5 5  
LPRI NT TAB ( 1 0 ) ;  3 9 4 0  
3 9 4 5 
( $ ) = 
3 9 5 0  
3 9 5 5  
3 9 6 0  
LPRI NT " UN I FORM ANNUAL " ;  S ECNAME$ ( Z )  ; " D I FFERENCE 
- " ·  - ' 
n • ' 
LPRI NT US I NG " # # # # # # . # # " ;  CD ( Z )  
LPRI NT TAB ( 1 0 ) ;  
LPR I NT " PRES ENT WORTH OF ANNUAL COST D I FFERENCE ( $ )  
3 9 6 5 L PR I NT U S I NG " # # # # # # . # # " ;  PW ( Z )  
3 9 7 0  NEXT Z 
3 9 7 5 L PR I NT : LPRI NT : LPRI NT : LPRI NT LPR I NT 
3 9 8 0  LPRI NT TAB ( 2 5 ) ;  
3 9 8 5  LPRI NT "OVERALL F I NAL RESULTS " 
3 9 9 0 LPRI NT : LPRI NT : LPRI NT : LPRI NT TAB ( l O ) ;  
3 9 9 5  LPRI NT " I NTEREST RATE ( % ) = " ;  
4 0 0 0 LPR I NT U S  I NG " # # • # # "  ; I 
4 0 0 5  LPRI NT : LPRI NT TAB ( 1 0 ) ; 
4 0 1 0 LPR I NT " PER I OD  OF ANALYS I S  ( YEARS ) = " ;  
4 0 1 5  LPRI NT US I NG " # # . # # " ; Y 
4 0 2 0 LPRI NT : LPRI NT : LPRI NT TAB ( 1 0 ) ;  
4 0 2 5  LPRI NT " TOTAL CURRENT UN I FORM ANNUAL COST ( $ )  = " ;  
4 0 3 0 LPRI NT US I NG " # # # # # # . # # " ;  TOTC1 
4 0 3 5  LPRI NT : LPR I NT TAB ( 1 0 ) ; 
4 0 4 0  LPRI NT " TOTAL NEW UN I FORM ANNUAL COST ( $ ) = " ;  
4 0 4 5  LPRI NT US I NG  " # # # # # # . # # " ; TOTC2 
4 0 5 0  LPR I NT : LPRI NT TAB ( 1 0 ) ;  
4 0 5 5  LPR I NT " TOTAL UN I FORM ANNUAL COST D I FFERENCE ($ ) = " ; 
4 0 6 0  LPR I NT US I NG  " # # # # # # . # # " ; TOTCD 
4 0 6 5 LPR I NT : LPRI NT TAB ( 1 0 ) ;  
4 0 7 0  LPRINT " TOTAL PRESENT WORTH OF ANNUAL COST 
D I FFERENCES ( $ ) = " ;  
4 0 7 5  LPRI NT- US I NG " # # # # # # . # # " ; TOTPW 
4 0 8 0 CLS 
4 0 8 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ;  
4 0 9 0  PRI NT "DO YOU WANT TO RUN THE PROORAM AGAI N  ( Y / N ) ? 
n • , 
4 0 9 5  L I NE I NPUT " " , ANS $ 
4 1 0 0  I F  ANS $ = "Y " OR ANS $ = " y "  THEN 4 1 1 5 
4 1 0 5  I F  ANS $ = "N"  OR ANS $ = " n " THEN 4 1 2 0  
4 1 1 0 GOSUB 4 3 5 0  : GOTO 4 0 9 0  
4 1 1 5  GOTO 1 1 8 5  
4 1 2 0  END 
4 1 2 5  CLS 
4 1 3 0  PR I NT : PRI NT PRI NT TAB ( 7 ) ;  
4 1 3 5  PRI NT "YOU HAVE THE OPT I ON OF ACCOUNT I NG FOR 
" ; VAR I AB $ ( Z )  
4 1 4 0  PRI NT TAB ( 7 ) ; 
4 1 4 5  PRI NT " PR I CE VAR I AT I ONS OVER THE P ER I OD OF ANALYS I S . "  
4 1 5 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
4 1 5 5  PRI NT "DO YOU W I SH TO Aa::'OUNT FOR A PRI CE VAR I AT I ON 
( Y /N ) ? " ;  
4 1 6 0 L I NE I NPUT '"' , ANS $ 
4 1 6 5  I F  ANS $ = " N "  OR AN S $ = " n " THEN 4 2 5 0  
4 1 7 0  I F  ANS $ = "Y " OR ANS $ = " y "  THEN 4 1 8 0 
4 1 7 5  GOSUB 4 3 5 0  : GOTO 4 1 5 5  
4 1 8 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ;  
4 1 8 5  PRI NT " PR I CE  VAR IAT I ON CANNOT EQUAL I NTEREST RATE " 
4 1 9 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ;  
4 1 9 5  PRI NT " WHAT VAR IAT I ON DO YOU EXP ECT ( % ) ?  " ; 
4 2 0 0  I NP UT '"' , R ( Z )  
4 2 0 5 I F  R ( Z )  = I THEN 4 2 1 5  
4 2 1 0 GOTO 4 2 3 0  
4 2 1 5  PRI NT : PRI NT : PR I NT TAB ( 7 ) ; 
4 2 2 0  PRI NT " PR I CE VAR IAT I ON CANNOT EQUAL I NTERE ST RATE . 
I NTEREST RATE = " ; I 
4 2 2 5  GOTO 4 1 9 0  
4 2 3 0  PVF 1 = 
( ( 1 +R ( Z ) / 1 0 0 ) AY - ( 1 + I / 1 0 0 ) AY ) / { ( 1 +R ( Z ) / 1 0 0 ) - ( 1 + I / 1 0 0 ) )  
4 2 3 5  PVF 2 = ( I / 1 0 0 )  I ( ( 1 + I / 1 0 0 ) AY - 1 )  
4 2 4 0  PVF ( Z )  = PVF 1 * PVF 2 
4 2 4 5  GOTO 4 2 5 5  
4 2 5 0  PVF ( Z )  = 1 R ( Z )  = 0 
4 2 5 5  CLS 
4 2 6 0  PRI NT : PR I NT PRI NT TAB ( 7 ) ;  
4 2 6 5 RETURN 
4 2 7 0 CLS 
4 2 7 5  PRI NT : PRI NT PR I NT : PR I NT TAB ( 2 5 ) ;  
4 2 8 0  PRI NT " SECf i ON " ; SECNUM ; " .  " ; S ECNAME$ ( S ECNUM ) 
4 2 8 5  PRI NT : PRI NT PRI NT : PRI NT TAB ( 7 ) ;  
4 2 9 0  RETURN 
4 2 9 5  CLS 
4 3 0 0  PRI NT · : PRI NT PRI NT TAB ( 7 ) ; 
4 3 0 5  PRI NT "YOU HAVE THE OPT I ON OF WORKI NG I N  METR I C  OR 
ENGL I SH UN I T S . "  
4 3 1 0  PRI NT : PRI NT TAB ( 7 ) ; 
4 3 1 5  PRI NT " TYPE M FOR METR I C  OR E FOR ENGLI SH . " ;  
4 3 2 0  L I NE I NPUT '"' , ANS $ 
4 3 2 5 I F  ANS $ = "M" OR ANS $ = " m " THEN W = 1 
4 3 3 0  I F  ANS $ = " E "  OR ANS $ = " e " THEN W = 2 
4 3 3 5 I F  W = 1 OR W = 2 THEN 4 3 4 5  
4 3 4 0  OOSUB 4 3 5 0 : GOTO 4 3 0 5  
4 3 4 5  RETURN 
4 3 5 0 PR I NT : PR I NT : PRI NT TAB ( 7 ) ; 
4 3 5 5  PRI NT "YOU D I D Naf TYP E  ONE OF THE G I VEN LETTERS . 
PLEASE TRY AGA I N . "  
4 3 6 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
4 3 6 5  RETURN 
4 3 7 0  FOR Z = 1 TO N 
1 5 6  
4 3 7 5  I F  S I ZE = 1 AND S ECNAME$ ( 3 )  = "Y I ELD I NCOME " THEN 
4 5 5 5  
4 3 8 0  I F  S I ZE = 1 THEN Z = 2 
4 3 8 5  CLS 
4 3 9 0  PRI NT : PR I NT : PR I NT TAB ( 7 ) ;  
1 5 7  
4 3 9 5  I F  VAR$ ( Z )  = " FR ICf i ON AND MI NOR LOS S " THEN 4 4 0 5  
4 4 0 0  GOTO 4 4 1 0  
4 4 0 5  GOSUB 5 2 0 5  
4 4 1 0  I F  VAR$ ( Z )  = " SYSTEM PRES SURE "  THEN 4 4 2 0  
4 4 1 5  GOTO 4 4 2 5  · 
4 4 2 0  GOSUB 5 2 5 5  
4 4 2 5  I F  VAR$ ( Z )  = " S PRAY LOS S "  THEN 4 4 3 5  
4 4  3 0  GOTO 4 4 4  0 
4 4 3 5 GOSUB 5 2 8 0  
4 4 4 0 I F  X = 1 THEN Z = 1 0  
4 4 4 5  I F  X = 2 AND Z = 1 0  THEN 4 5 4 5  
4 4 5 0 I F  S ECNUM = 2 AND VAR$ ( Z )  = " FUEL CONSUMPT I ON "  
THEN 4 4 6 0 
4 4 5 5  GOTO 4 4 7 5  
4 4 6 0 GOSUB 5 4 5 0 
4 4 6 5  CLS 
4 4 7 0 PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
4 4 7 5 PRI NT " WHAT I S  THE CURRENT " ; VAR$ ( Z ) ; "  
" ; UV AR$ ( Z ) ; " ? " ; 
4 4 8 0 I NPUT " " , V AR 1 ( Z )  
4 4 8 5 PR I NT : PR I NT : PR I NT TAB ( 7 ) ; 
4 4 9  0 PRI NT " W I LL THE " ;  V AR$ ( Z ) ; "  CHANGE ( Y  / N ) ? " ;  
4 4 9 5 L I NE I NPUT " " , ANS $ 
4 5 0 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
4 5 0 5 I F  ANS $ = "Y " OR ANS $ = " y " THEN 4 5 2 0 
4 5 1 0 I F  ANS $ = " N "  OR ANS $ = " n " THEN 4 5 3 5 
4 5 1 5  GOSUB 4 3 5 0 : GOTO 4 4 9 0 
4 5  2 0 PRI NT "WHAT W I LL BE THE NEW " ; V AR$ ( Z ) ; "  
" ; UV AR$ ( Z ) " ?  " ; 
4 5 2 5 I NPUT " " , V AR 2 ( Z ) 
4 5 3 0  GOTO 4 5 5 5  
4 5 3 5 VAR 2 ( Z )  = VAR 1 ( Z )  
4 5 4 0  GOTO 4 5 5 5  
4 5 4 5 VAR 1 ( 1 0 )  = 1 0 0  - VAR 1 ( 7 )  - VAR 1 ( 8 )  - VAR 1 ( 9 ) 
4 5 5 0  VAR 2 ( 1 0 )  = 1 0 0  - VAR 2 ( 7 )  - VAR 2 ( 8 )  - VAR 2 ( 9 ) 
4 5 5 5  NEXT Z 
4 5 6 0 RETURN 
4 5 6 5 CLS 
4 5 7 0  PRI NT : PR I NT : PR I NT TAB ( 7 ) ; 
4 5 7 5  PR I NT "YOU WI LL NOW BE ALLOWED TO REV I EW YOUR ANSWERS 
TO THE PREV I OUS " 
4 5 8 0 PRI NT TAB ( 7 ) ;  
4 5 8 5  PRI NT " QUEST I ONS CONCERN I NG " ;  S ECNAME$ ( S ECNUM ) ; " . " 
4 5 9 0 PRI NT : PR I NT TAB ( 7 ) ;  
4 5 9 5 PRI NT " VAR I ABLE VALUES W I LL BE D I S PLAYED ONE S ET AT A 
T I ME .  H I TT I NG ANY "  
4 6 0 0  PRI NT TAB ( 7 ) ; 
4 6 0 5  PRI NT "KEY WI LL CAUSE THE NEXT SET TO BE D I S PLAYED . 
YOU W I LL HAVE AN "  
4 6 1 0  PRI NT TAB ( 7 ) ; 
1 5 8  
4 6 1 5 . PRI NT " OPPORTUN I TY TO CORRECI' ANY ANS WERS AFTER ALL 
THE VALUES HAVE BEEN" 
4 6 2 0  PRI NT TAB ( 7 ) ; 
4 6 2 5  PRI NT " V I EWED . " 
4 6 3 0  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
4 6 3 5  FOR Z = 1 TO N 
4 6 4.0 I F  Z = 6 AND X = 1 THEN Z = 1 0  
4 6 4 5 PRI NT " CURRENT " ; V AR$ ( Z )  ; " " ;  UV AR$ ( Z )  ; " = " ;  
4 6 5 0  PR I NT US I NG " # # # # . # # " ; VAR 1 ( Z ) 
4 6 5 5  PRI NT TAB ( 7 ) ; 
4 6 6 0 PRI NT "NEW " ;  V AR$ ( Z )  ; " " ;  UV AR$ ( Z ) ; " = " ;  
4 6 6 5 PRI NT US I NG " # # # # . # # " ; VAR 2 ( Z )  
4 6 7 0  ANS $ = I NPUT $ ( ! )  : PRI NT : PR I NT TAB ( 7 ) ;  
4 6 7 5  NEXT Z 
4 6 8 0  PRI NT " CURRENT " ; VARYT $ ; "  = " ;  VAR I AB $ ( 1 )  
4 6 8 5 PRI NT TAB ( 7 ) ;  
4 6 9 0 PRI NT "NEW " ; VARYT $ ; "  = " ;  VAR I AB $ ( 2 )  
4 6 9 5  ANS $ = I NPUT$ ( ! )  : PRI NT : PRI NT TAB ( 7 ) ; 
4 7 0 0 I F  S ECNAME$ ( 3 )  = "Y I ELD I NCOME " THEN 4 7 7 0  
4 7 0 5  PRI NT " CURRENT " ; VARYC$ ; "  " ; UVAR I AB $ ( 1 ) ; "  = " ;  
4 7 1 0  PRI NT U S I NG " # # # # . # # " ; COST ( ! )  
4 7 1 5  PRI NT TAB ( 7 ) ; 
4 7 2 0  PRI NT "NEW " ; VARYC $ ; "  " ; UVAR I AB $ ( 2 ) ; "  = " ;  
4 7 2 5  PRI NT US I NG  " # # # # . # # " ; COST ( 2 )  
4 7 3 0 ANS $ = I NPUT $ ( 1 )  : PRI NT : PRI NT TAB ( 7 ) ;  
4 7 3 5  PRI NT VAR I AB$ ( 1 ) ; "  PR I CE VAR IAT I ON ( % ) = " ;  
4 7 4 0  PRI NT U S I NG " # # # . # # " ; R ( l )  
4 7 4 5  I F  VAR I AB $ ( 2 ) = VAR I AB$ ( 1 )  THEN 4 7 6 5  
4 7 5 0  PR I NT TAB ( 7 ) ;  
4 7 5 5  PR I NT VAR I AB $ ( 2 ) ; "  PR I CE VAR I AT I ON ( % ) = " ;  
4 7 6 0 PRI NT US I NG " # # # . # # " ; R ( 2 )  
4 7 6 5  ANS $ = I NP UT $ ( 1 )  
4 7 7 0  RETURN 
4 7 7 5  CLS 
4 7 8 0  PRI NT : PRI NT : PR I NT TAB ( 7 ) ;  
4 7 8 5  PRI NT "DO YOU WANT A COPY OF THE " ; SECNAME$ ( S ECNUM ) ; "  
VAR I ABLES ( Y /N ) ? " ;  
4 7 9 0  L I NE I NPUT " " , ANS $ 
4 7 9 5 I F  ANS $ = " Y "  OR ANS $ = " y "  THEN 4 8 1 0  
4 8 0 0 I F  ANS $ = " N "  OR ANS $ = " n " THEN 4 9 5 5  
4 8 0 5 GOSUB 4 3 5 0 : GOTO 4 7 8 5 
4 8 1 0  LPRI NT TAB ( 2 5 ) ; _ 
4 8 1 5  LPRI NT " SUMMARY OF " ; S ECNAME$ ( S ECNUM ) ; "  VAR I ABLES " 
4 8 2 0  LPRI NT : LPRI NT : LPRI NT : LPR I NT TAB ( I O ) ;  
4 8 2 5  FOR Z = 1 TO N 
4 8 3 0  I F  Z = 6 AND X = 1 THEN Z = 1 0  
4 8 3 5  LPRI NT " CURRENT " ; VAR$ ( Z ) ; " " ; UVAR$ ( Z ) ; "  = " ;  
4 8 4 0  LPRI NT U S I NG n # # # # . # # " ; VAR l ( Z )  
4 8 4 5 LPRI NT TAB ( 1 0 ) ;  
4 8 5 0  LPRI NT "NEW " ; VAR$ ( Z ) ; "  " ; UVAR$ ( Z ) ; "  = " ;  
4 8 5 5  LPRI NT US I NG  " # # # # . # # " ; VAR 2 ( Z ) 
4 8 6 0  LPRI NT : LPRI NT TAB ( 1 0 ) ;  
4 8 6 5  NEXT Z 
4 8 7 0  LPRI NT " CURRENT " ; VARYT $ ; "  = " ;  VARI AB $ ( 1 )  
4 8 7 5  LPRI NT TAB ( 1 0 ) ;  
4 8 8 0 LPR I NT "NEW " ; VARYT $ ; "  = " ;  VAR I AB $ ( 2 )  
4 8 8 5  LPRI NT : LPRI NT TAB ( 1 0 ) ;  
4 8 9 0 I F  S ECNAME$ ( 3 )  = "Y I ELD I NOOME "- THEN 4 9 5 5  
4 8 9 5 LPRI NT " CURRENT " ; VARYC$ ; "  " ; UVAR I AB $ ( 1 ) ; "  = " ;  
4 9 0 0  LPR I NT U S I NG " # # # # . # # " ;  COST ( ! )  
4 9 0 5  LPRI NT TAB ( 1 0 ) ;  
4 9 1 0  LPRI NT " NEW " ; VARYC $ ; "  " ; UVAR I AB $ ( 2 ) ; " = " ; 
4 9 1 5  LPRI NT US I NG  " # # # # . # # " ; COST ( 2 )  
4 9 2 0  LPR I NT : LPR I NT TAB ( 1 0 ) ;  
4 9 2 5  LPRI NT VAR I AB$ ( 1 ) ;  " PR I CE  VAR IAT I ON ( % ) = " ;  
4 9 3 0  LPRI NT U S I NG " # # # . # # " ; R ( 1 )  
4 9 3 5  I F  VAR IAB$ ( 2 )  = VAR I AB $ ( 1 )  THEN 4 9 5 5  
4 9 4 0  LPRI NT TAB ( l O ) ;  
4 9 4 5 LPRI NT VARI AB $ ( 2 ) ;  " PRI CE VAR I AT I ON ( % ) = " ;  
4 9 5 0  LPRI NT US I NG " # # # . # # " ; R ( 2 )  
4 9 5 5  RETURN 
4 9 6 0  CLS 
4 9 6 5  PRI NT : PR I NT : PR I NT TAB ( 2 2 ) ; 
4 9 7 0  PRI NT S ECNAME$ ( SECNUM ) ; "  RESULTS " 
4 9 7 5  PRI NT : PR I NT : PR I NT : PRI NT TAB ( 7 ) ;  
4 9 8 0  PRI NT " I NTERE ST RATE ( % ) = " ;  
4 9 8 5  PRI NT US I NG " # # . # # " ; I 
4 9 9 0  PRI NT : PRI NT TAB ( 7 ) ; 
4 9 9 5  PRI NT " PER I OD  OF ANALYS I S  ( YEARS ) = " ;  
5 0 0 0  PRI NT .US I NG " # # . # # " ; Y 
5 0 0 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ;  
5 0 1 0  PRI NT " CURRENT UN I FORM ANNUAL " ; S ECNAME$ ( S ECNUM ) ; "  
( $ ) = " ;  
5 0 1 5  PRI NT US I NG " # # # # # # . # # " ; C l ( S ECNUM ) 
5 0 2 0  PRI NT : PRI NT TAB ( 7 ) ; 
1 5 9  
5 0 2 5  PRI NT "NEW UN I FORM ANNUAL " ; S ECNAME$ ( SECNUM ) ; "  ( $ ) = 
" . ' 
5 0 3 0  PRI NT US I NG n # # # # # # . # # " ;  C 2 ( S ECNUM ) 
5 0 3 5  PRI NT : PRI NT TAB ( 7 ) ; 
5 0 4 0 PRI NT " UN I FORM ANNUAL " ;  S ECNAME$ ( S ECNUM ) ; "  D I FFERENCE 
( $ )  = " ;  
5 0 4 5  PRI NT U S I NG n # # # # # # . # # " ; CD ( S ECNUM ) 
5 0 5 0  PRI NT : PRI NT TAB ( 7 ) ; 
5 0 5 5  PRI NT " PRES ENT WORTH OF ANNUAL COST D I FFERENCE ( $ )  = 
" . 
' 
5 0 6 0  PRI NT US I NG " # # # # # # . # # " ; PW ( S ECNUM ) 
5 0 6 5  PRI NT : PRI NT : PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
5 0  7 0 PRI NT n no YOU WANT A CX>PY OF THE n ;  SECNAME$ ( S ECNUM ) ; " � ... 2 
RES ULT S ( Y  /N ) ? " ;  
5 0 7 5  L I NE I NPUT " " , ANS $ 
5 0 8 0  I F  ANS $ = "Y " OR ANS $ = " y "  THEN 5 0 9 5 
5 0 8 5  I F  ANS $ = "N " OR ANS $ = " n " THEN 5 2 0 0  
5 0 9 0  GOSUB 4 3 5 0 : GOTO 5 0 7 0  
5 0 9 5  LPR I NT TAB ( 2 5 ) ; 
5 1 0 0  LPRI NT SECNAME$ ( S ECNUM ) ; " RES ULT S "  
5 1 0 5  LPR I NT  : LPR I NT  : LPRI NT : LPRI NT TAB ( l O ) ; 
5 1 1 '0 LPRI NT " I NTEREST RATE ( %  ) = " ; 
5 1 1 5  LPRI NT US I NG " # # . # # " ; I 
5 1 2 0  LPRI NT : LPRI NT TAB ( l O ) ;  
5 1 2 5  LPRI NT " PERI OD OF ANALYS I S  ( YEARS ) = " ;  
5 1 3 0  LPRI NT US I NG " # # . # # " ; Y 
5 1 3 5  LPRI NT : LPR I NT  : LPRI NT TAB ( 1 0 ) ; 
1 6  0 
5 1 4  0 LPRI NT " CURRENT UN I FORM ANNUAL " ; S ECN AME$ ( S ECNUM ) ; " 
( $ )  = " ;  
. 
5 1 4 5  LPRI NT U S I NG " # # # # # # . # # " ; Cl ( SECNUM ) 
5 1 5 0  LPRI NT : LPRI NT TAB ( 1 0 ) ; 
5 1 5 5  LPRI NT "NEW UN I FORM ANNUAL " ; S ECNAME$ ( S ECNUM ) ; "  ( $ )  = 
" . ' 
5 1 6 0  LPR I NT U S I NG " # # # # # # . # # " ; C 2 ( S ECNUM ) 
5 1 6 5  LPR I NT : LPRI NT TAB ( 1 0 ) ; 
5 1 7 0  LPRI NT " UN I FORM ANNUAL " ; S ECNAME$ ( S ECNUM ) ; "  
D I FFERENCE ( $ ) = " ;  
5 1 7 5  L PRI NT U S I NG " # # # # # # . # # " ; CD ( S ECNUM ) 
5 1 8 0  LPRI NT : LPR I NT TAB ( l O ) ;  
5 1 8 5  L PRI NT " PRES ENT WORTH OF ANNUAL COST D I FFERENCE ( $ )  = 
" . ' 
5 1 9 0  LPRI NT U S I NG " # # # # # # . # # " ; PW ( S ECNUM ) 
5 1 9 5  LPRI NT CHR$ ( 1 2 )  
5 2 0 0  RETURN 
5 2 0 5  PRI NT " FR I CT I ON AND M I NOR LOS S ES I N  P I PEL I NES BE1WEEN 
THE WATER SOURCE " 
5 2 1 0  PRI NT TAB ( 7 ) ; 
5 2 1 5  PRI NT " AND  I RR I GAT I ON S YSTEM CAN BE APPROX I MATED 
US I NG THE FOLLOW I NG : " 
5 2 2 0  PRI NT : PRI NT TAB ( 7 ) ;  
5 2 2 5  I F  W = 1 THEN 5 2 4 0  
5 2 3 0  PRI NT " 0 . 0 6  FOOT OF FR I CT I ON AND MI NOR LOS S FOR EVERY 
FOOT OF P I PE" 
5 2 3 5 GOTO 5 2 4 5  
5 2 4 0  PRI NT " 0 . 0 6  METER OF FR I CT I ON AND M I NOR LOS S FOR 
EVERY METER OF P I PE "  
5 2 4 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
5 2 5 0  RETURN 
5 2 5 5  PRI NT " S YSTEM PRES SURE I S  THE SUM OF S PRI NKLER 
OPERAT I NG PRES SURE AND "  
5 2 6 0  PRI NT TAB ( 7 ) ; 
5 2 6 5  PRI NT " PRES SURE LOS S I N  THE I RR I GAT I ON S YSTEM . " 
5 2 7  0 PRI NT : PRI NT : PRI NT TAB ( 7 ) ; � ... 2 
1 6 1 
5 2 7 5  RETURN 
5 2 8 0  PRI NT " I RRI GAT I ON EFF I C I ENCY I S  THE P ERCENT OF WATER 
LEAV l NG THE S YSTEM " 
5 2 8 5  PRI NT TAB ( 7 ) ; 
5 2 9 0  PRI NT " THAT CAN BE USED BY THE CROP . I RRI GAT I ON 
EFF I C I ENCY I S  EQUAL TO " 
5 2 9  5 PRI NT TAB ( 7 ) . ; 
5 3 0 0  PRI NT " 1 0 0  - S PRAY LOS S - RUNOFF - DEEP PERCOLAT I ON .  
SPRAY LOS S I S  THE " 
5 3 0 5  PRI NT TAB ( 7 ) ; 
5 3 1 0  PRI NT " PERCENTAGE OF WATER LEAV I NG THE I RRI GAT I ON 
S YSTEM THAT FAI LS TO" 
5 3· 1 5 PRI NT TAB ( 7 ) ; 
5 3 2 0  PRI NT "REACH THE CROP CANOPY , RUNOFF I S  THE 
PERCENTAGE OF WATER REACH I NG "  
5 3 2 5  PRI NT TAB ( 7 ) ; 
5 3 3 0  PRI NT " ThE CROP CANOPY THAT FAI LS TO I NF I LTRATE THE 
SOl L ,  AND DEEP " 
5 3 3 5 PRI NT TAB ( 7 ) ; 
5 3 4 0  PRI NT " PERCOLAT I ON I S  THE P ERCENTAGE OF WATER 
I NF I LTRAT I NG THE SOI L THAT " 
5 3 4 5  PRI NT TAB ( 7 ) ;  
5 3 5 0  PRI NT " MOVES BELOW THE ROOT ZONE . "  
5 3 5 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
5 3 6 0  PRI NT "YOU HAVE THE OPT I ON OF ENTERI NG AN OVERALL 
VALUE FOR I RRI GAT I ON "  
5 3 6 5  PRI NT TAB ( 7 ) ; 
5 3 7 0  PRI NT " EFF I C I ENCY OR ENTER I NG SEP ERATE VALUES FOR 
S PRAY LOS S , RUNOFF AND "  
5 3 7 5  PRI NT TAB ( 7 ) ; 
5 3 8  0 PRI NT ."DEEP PERCOLAT I ON . "  
5 3 8 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
5 3 9 0  PR I NT " TYPE A 1 I F  YOU W I S H  TO ENTER AN OVERALL VALUE 
OR A 2 I F  YOU W I SH"  
5 3 9 5  PRI NT TAB ( 7 ) ; 
5 4 0 0  PR I NT " TO  ENTER S EP ERATE S PRAY LOS S , RUNOFF AND DEEP 
P ERCOLAT I ON VALUES . "  
5 4 0 5  L I NE I -NPUT " " , AN S $  
5 4 1 0 CLS 
5 4 1 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
5 4 2 0  I F  ANS $ = " 1 " THEN X =  1 
5 4 2 5  I F  ANS $ = " 2 "  THEN X = 2 
5 4 3 0 I F  ANS $  = " 1 " OR ANS $  = " 2 "  THEN 5 4 4 5  
5 4 3 5  PR I NT "YOU D I D  NOT TYPE A 1 OR A 2 .  PLEASE TRY 
AGA I N . "  
5 4 4 0  GOTO 5 3 8 5  
5 4 4 5  RETURN 
5 4 5 0 PR I NT " A  TABLE I S  AVA I LAB L E  TO HELP YOU EST I MATE FUEL 
CONSUMPT I ON FOR " 
5 4 5 5  PRI NT TAB ( 7 ) ; � ... 2 
1 6  2 
5 4 6 0  PRI NT " VARI OUS T I LLAGE OPERAT I ONS . VALUES OF D I ESEL 
FUEL CONSUMPT I ON "  
5 4 6 5 PRI NT TAB ( 7 ) ; 
5 4 7 0 PRI NT " PER UN I T  AREA FOR LOW , MED I UM  AND H I GH DRAFT 
SOI LS ARE G I VEN . "  
5 4 7 5  PRI NT TAB ( 7 ) ; 
5 4 8 0  PRI NT " A  GA SOL I NE EQU I VALENT CAN BE CALCULATED BY 
MULT I PLY I NG THES E "  
5 4 8 5  PRI NT TAB ( 7 ) ; 
5 4 9 0 PR I NT " VALUES BY 1 . 4 . " 
5 4 9 5  PRI NT : PRI NT : PRI NT TAB ( 7 ) ; 
5 5 0 0  PRI NT " DO  YOU WANT A COPY OF TH I S  TABLE PRI NTED 
( Y  /N ) ? " ;  
5 5 0 5  ANS $ = I NPUT$ ( 1 )  
5 5 1 0 I F  ANS $ = "Y " OR ANS $ = " y " THEN 5 5 2 5  
5 5 1 5  I F  ANS $ = "N" OR ANS $ = " n "  THEN 5 5 4 5  
5 5 2 0 GOSUB 4 3 5 0 : GOTO 5 5 0 0 
5 5 2 5  I F  W = 1 THEN 5 5 4 0  
5 5 3 0  GOSUB 5 5 5 5  
5 5 3 5 GOTO 5 5 5 0  
5 5 4 0  GOS UB 6 0 0 5  
5 5 4 5 PRI NT : PRI NT : PRI NT TAB ( 7 ) ;  
5 5 5 0 RETURN 
5 5 5 5  LPRI NT TAB ( 1 3 ) ;  
5 5 6 0  LPRI NT "D I ES EL FUEL REQU I REMENTS FOR VARI OUS F I ELD 
OP ERAT I ONS " 
5 5 6 5 LPRI NT : LPRI NT : LPR I NT : LPR I NT TAB ( l O ) ;  
5 5 7 0 LPRI NT 
" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - " 
5 5 7 5 LPRI NT -- TAB ( 4 8 ) ;  
5 5 8 0  LPRI NT " SOI L DRAFT RAT I NGS " 
5 5 8 5  LPRI NT TAB ( 2 1 ) ;  
5 5 9 0 LPRI NT " OPERAT I ONS 
H i g h "  
5 5 9 5 LPR I NT TAB ( 1 0 ) ;  
5 6 0 0 LPRI NT 
Low Mod e r a t e  
" - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - " 
5 6 0 5  
5 6 1 0  
5 6 1 5  
5 6 2 0  
0 . 7 5  
5 6 2 5  
5 6 3 0  
2 . 1 0 
5 6 3 5  
5 6 4 0  
1 . 8 5 
LPRI NT TAB ( 4 3 ) ;  
LPRI NT " f u e l  r e qu i r em en t s  { g a l / a c ) " 
LPRI NT : LPR I NT TAB ( l O ) ;  
LPRI NT " S h r e d d i ng c o r n s t a l k s  
0 . 7 5 "  
LPRI NT TAB ( 1 0 ) ;  
LPRI NT " S ub s o i  1 c h i s e l i ng ,  1 4  i n  
2 . 9 5 " 
LPRI NT TAB ( 1 0 ) ;  
LPR I NT "Mo l d b oa r d  p l ow i ng , 8 i n  
2 . 6 0 " 
0 . 7 5  
1 . 3 0  
1 . 1 5  � ... 2 
5 6 4 5 LPRI NT TAB ( 1 0 ) ;  
5 6 5 0  LPRI NT " Ch i s e l i ng ,  8 i n  
1 . 2 5 . 1 . 7 5 " 
5 6 5 5  LPRI NT TAB ( 1 0 ) ;  
5 6 6 0  LPRI NT " Of f s e t  d i s k i n g 
0 . 9 5  1 . 3 5 " 
5 6 6 5 LPRI NT TAB ( l O ) ;  
5 6 7 0  LPRI NT " F i e l d  c u l t i v a t i ng ,  p l owed g r o u nd 
0 . 6 0  0 . 6 5 "  
5 6 7 5  LPRI NT TAB ( l O ) ;  
5 6 8 0 LPRI NT " Ta n d em d i s k i ng ,  p l ow e d  g r ou nd 
0 . 5 5  0 . 6 0 " 
5 6 8 5  LPRI NT TAB ( 1 0 ) ;  
5 6 9 0 LPRI NT " Ta n d em d i s k i ng ,  2 n d t r i p  
0 . 5 0  0 . 5 5 "  
5 6 9 5 LPRI NT TAB ( 1 0 ) ;  
5 7 0 0  LPRI NT " Ta n d em d i s k i ng ,  c o r n s t a l k s  
0 . 4 5  0 . 5 0 "  
5 7 0 5  LPRI NT TAB ( 1 0 ) ;  
5 7 1 0 LPRI NT " F o r m i n g r i d g e s , f a l l 
0 . 4 5  0 . 5 0 "  
5 7 1 5  LPR I NT TAB ( 1 0 ) ;  
5 7 2 0 LPRI NT " H a r r ow i ng ,  s p r i n g t o o t h 
0 . 4 0  0 . 4 5 "  
5 7 2 5  LPRI NT TAB ( 1 0 ) ;  
5 7 3 0 LPRI NT " H a r r ow i ng ,  s p i k e  t oo t h  
0 . 3 5  0 . 3 5 "  
5 7 3 5  LPRI NT TAB ( 1 0 ) ;  
5 7 4 0  LPRI NT " F i e l d  c u l t i v a t i ng + p l an t e r 
1 . 0 5  1 . 1 5 " 
5 7 4 5  LPRI NT - TAB ( 1 0 ) ;  
5 7 5 0  LPRI NT " NH3 a p p l i c a t i on ,  p l owed g r ou nd 
0 . 7 0  0 . 8 0 " 
5 7 5 5  LPRI NT TAB ( 1 0 ) ;  
5 7 6 0  LPRI NT " S t r i p  r o t a r y  t i l l  + p l an t e r  
0 . 9 5  1 . 0 5 "  
5 7 6 5 LPR I NT TAB ( 1 0 ) ;  
5 7 7 0  LPRI NT- " P l a n t i ng ,  wh e e l t r ac k  
0 . 6 5  0 . 7 0 " 
5 7 7 5  LPRI NT TAB ( 1 0 ) ;  
5 7 8 0 LPRI NT " P l an t i ng ,  c on v e n t i on a l  
0 . 5 0  0 . 6 0 " 
5 7 8 5  LPRI NT TAB ( l O ) ; 
5 7 9 0 LPRI NT " P l an t i ng ,  t i l l 
0 . 5 0  0 . 6 0 " 
5 7 9 5  LPRI NT TAB ( 1 0 ) ;  
5 8 0 0  LPRI NT " P l an t i ng ,  n o - t i l l 
0 . 5 0  0 . 6 0 "  
5 8 0 5  LPRI NT TAB ( 1 0 ) ;  
5 8 1 0  LPRI NT " Cu l t i v a t i ng ,  d i s k h i l l e r 
1 6  3 
0 . 7 5  
0 � 6 0 
0 . 5 5  
0 . 5 0  
0 . 4 5  
0 .  4 0 
0 . 4 0  
0 . 3 5  
0 . 3 5  
0 .  9 5 
0 .  6 0 
0 . 8 5  
0 . 6 0  
0 . 4 0  
0 . 4 0  
0 . 4 0  
0 . 3 5  
1 6  4 
0 . 4 0  0 . 4 5 "  
5 8 1 5  LPRI NT TAB ( 1 0 ) ;  
5 8 2 0 LPR I NT " Cu l t i v a t i ng ,  s we ep s 0 . 3 0  
0 . 3 5  0 . 4 0 "  
5 8 2 5  LPRI NT TAB ( 1 0 ) ;  
5 8 3 0 LPRI NT " Cu l t i v a t i ng ,  r o l l i ng t i n e s  0 . 3 0  
0 . 3 5  0 . 4 0 "  
5 8 3 5  LPRI NT TAB ( 1 0 ) ;  
5 8 4 0  LPRI NT " Ro t a r y  h o e i ng 0 . 2 5  
0 . 2 5  0 . 2 5 "  
5 8 4 5  LPRI NT TAB ( 1 0 ) ;  
5 8 5 0  LPRI NT " S p r ay i ng f e r t i l i z e r  0 . 2 0  
0 . 2 0  0 . 2 0 "  
5 8 5 5  LPRI NT TAB ( 1 0 ) ;  
5 8 6 0  LPR I NT " S p r ay i ng p e s t i c i d e  0 . 1 5  
0 . 1 5  0 . 1 5 "  
5 8 6 5 LPRI NT TAB ( 1 0 ) ;  
5 8 7 0  LPRI NT 
" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - " 
5 8 7 5  LPRI NT : LPRI NT : LPR I NT TAB ( 1 0 ) ;  
5 8 8 0  LPRI NT " To c o n v e r t d i e s e l t o  g a s o l i n e e q u i v a l e n t , 
mu l t i p l y by 1 . 4 . "  
5 8 8 5  LPRI NT : LPRI NT  TAB ( 1 0 ) ;  
5 8 9 0 LPRI NT " Fu e l  r e qu i r eme n t s g i v e n a r e  av e r a g e s o f  t e s t s  
c on d u c t e d o v e r " 
5 8 9 5 LPRI NT TAB ( 1 0 ) ;  
5 9 0 0  LPRI NT " a  w i d e  r an g e  o f  s o i l s . Th e a c t u a l  f u e l  
r e qu i r eme n t  f o r a "  
5 9 0 5  LPRI NT TAB ( 1 0 ) ;  
5 9  1 0 LPR I NT- " p a r t i c u 1 a r f i e 1 d op e r a t i on i n a p a r  t i c u 1 a r 
s o i l t y p e  may v a r y " 
5 9 1 5  LPR I NT TAB ( l O ) ;  
5 9 2 0 LPRI NT " a s mu c h  a s  2 5  p e r c e n t  o r  mo r e  f r om t h e  v a l u e  
g i v e n .  S o i l "  
5 9 2 5  LPRI NT TAB ( 1 0 ) ;  
5 9 3 0 LPRI NT " t y p e s  a s s o c i a t e d w i t h  t h e  d r a f t  r a t i ng s  
i nc l u d e : Low = s an d s "  
5 9 3 5  LPRI NT TAB ( 1 0 ) ;  
5 9 4 0 LPRI NT " an d  s an d y  l o am s ; Mod e r a t e  = l o am s a n d  s i l t  
l oam s ;  H i g h = c l ay "  
5 9 4 5  LPRINT TAB ( l O ) ;  
5 9 5 0  LPRI NT " l oam s  a n d  c l ay s . "  
5 9 5 5  LPRI NT : LPRI NT TAB ( l O ) ;  
5 9 6 0  LPRI NT " Th e  r e f e r en c e  f o r  t h e  p r e c e e d i ng t a b l e  i s :  
G r i f f i t h ,  D . R .  a n d " 
5 9 6 5 LPRI NT TAB ( 1 0 ) ;  
5 9 7 0  LPRI NT " S . D . P a r s on s . 1 9 8 1 . E n e r gy r e qu i r emen t s f o r 
t i l l ag e  p l an t i ng "  
5 9 7 5  LPRI NT TAB ( l O ) ;  � ... 2 
5 9 8 0  LPRI NT " sy s t ems . P r oc e e d i ng s , ASAE Co n f e r e nc e on  
C r op P r od u c t i on w i t h "  
5 9 8 5  LPRI NT TAB ( 1 0 ) ;  
1 6  5 
5 9 9 0 LPRI NT " Co n s e r v a t i on i n  t h e  8 0 ' s ,  ASAE , S t . J o s e p h , 
M I  • 4 9 0 8 5 • " 
5 9 9 5 LPRI NT CHR$ ( 1 2 )  
6 0 0 0  RETURN 
6 0 0 5  LPRI NT TAB ( 1 3 ) ;  
6 0 1 0  LPRI NT "D I ES EL FUEL REQU I REMENTS FOR VAR I OUS F I ELD 
OPERAT I ONS " 
6 0 1 5  LPRI NT : LPR I NT : LPRI NT : LPRI NT TAB ( 1 0 ) ;  
6 0 2 0 LPRI NT 
" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - " 
6 0 2 5  LPRI NT TAB ( 4 8 ) ;  
6 0 3 0 LPRI NT " SOI L DRAFT RAT I NGS " 
6 0 3 5  LPRI NT TAB ( 2 1 ) ;  
6 0 4 0  LPRI NT " OP ERAT I ONS 
H i g h "  
6 0 4 5  LPR I NT TAB ( l O ) ;  
6 0 5 0  LPRI NT 
Low Mod e r a t e 
" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - " 
6 0 5 5  LPR I NT TAB ( 4 5 ) ; -
6 0 6 0  LPRI NT " f u e l  r e q u i r em en t s _ ( L / h a ) " 
6 0 6 5  LPRI NT : LPR I NT TAB ( 1 0 ) ; 
6 0 7 0  LPRI NT " S h r e d d i n g c o r n s t a l k s  7 . 0 2  
7 . 0 2  7 . 0 2 " 
6 0 7 5  LPRI NT TAB ( 1 0 ) ;  
6 0 8 0  LPRI NT " S u b s o i l  c h i s e l i ng ,  3 5 . 6  em 1 2 . 1 6 
1 9 . 6 4  2 7 . 5 9 "  
6 0 8 5  LPRI NT TAB ( 1 0 ) ;  
6 0 9 0  LPRI NT "Mo l db oa r d  p l ow i ng , 2 0 . 3  em 1 0 . 7 6  
1 7 . 3 0  2 4 . 3 2 "  
6 0 9 5  LPRI NT TAB ( 1 0 ) ;  
6 1 0 0  LPRI NT " Ch i s e l i ng ,  2 0 . 3  em 7 . 0 2  
1 1  • 6 9 1 .6 • 3 7 "  
6 1 0 5  LPR I NT TAB ( 1 0 ) ;  
6 1 1 0  LPRI NT " Of f s e t  d i s k i ng 5 . 6 1  
8 . 8 9  1 2 . 6 3 " 
6 1 1 5 LPRI NT TAB ( 1 0 ) ;  
6 1 2 0  LPR I NT " F i e l d  c u l t i v a t i ng ,  p l owe d g r ou n d 5 . 1 4 
5 . 6 1  6 . 0 8 "  
6 1 2 5  LPRI NT TAB ( 1 0 ) ;  
6 1 3 0  LPRI NT " Ta n d em d i s k i ng ,  p l owed g r ou n d  4 . 6 8  
5 . 1 4  5 . 6 1 " 
6 1 3 5  LPRI NT TAB ( 1 0 ) ; 
6 1 4 0  LPR I NT " Ta n d em d i s k i ng ,  2 n d t r i p  4 . 2 1  
4 . 6 8  5 . 1 4 "  
6 1 4 5  LPRI NT TAB ( 1 0 ) ;  
6 1 5 0  
4 . 2 1  
6 1 5 5  
6 1 6 0 
4 . 2 1  
6 1 6 5 
6 1 7 0  
3 . 7 4  
6 1 7 5  
6 1 8 0  
3 . 2 7  
6 1 8 5  
6 1 9 0 
9 . 8 2  
6 1 9 5  
6 2 0 0  
6 . 5 5  
6 2 0 5  
6 2 1 0  
8 . 8 9  
6 2 1 5  
6 2 2 0  
6 . 0 8  
6 2 2 5  
6 2 3 0  
4 . 6 8  
6 2 3 5  
6 2 4 0  
4 . 6 8  
6 2 4 5  
6 2 5 0  
4 . 6 8  
6 2 5 5  
6 2 6  0 
3 . 7 4 
6 2 6 5  
6 2 7 0  
3 . 2 7  
6 2 7 5  
6 2 8 0  
3 . 2 7  
6 2 8 5  
6 2 9  0 
2 . 3 4  
6 2 9 5  
6 3 0 0 
1 . 8 7  
6 3 0 5  
6 3 1 0  
1 . 4 0  
LPRI NT " Ta nd em d i s k i ng ,  c o r n s t a l k s  
4 . 6 8 "  
LPRI NT TAB ( 1 0 ) ;  
LPRI NT " F o rm i ng r i d g e s , f a l l 
4 . 6 8 "  
LPRI NT TAB ( 1 0 ) ;  
LPR I NT "H a r r ow i ng , s p r i n g t oo t h  
4 . 2 1 "  
LPRI NT TAB ( 1 0 ) ;  
LPRI NT "Ha r r ow i ng , s p i k e  t oo t h  
3 . 2 7 " 
LPRI NT TAB ( 1 0 ) ;  
LPRI NT " F i e l d  c u l t i v a t i n g + p l an t e r 
1 0 . 7 6 "  
LPRI NT TAB ( 1 0 ) ;  
LPRI NT "NH3 ap p l i c a t i on ,  p l owe d g r o u nd 
7 . 4 8 " 
LPRI NT TAB ( 1 0 ) ;  
LPR I NT " S t r i p  r o t a r y  t i l l  + p l an t e r  
9 . 8 2 "  
LPR I NT TAB ( 1 0 ) ;  
LPRI NT " P l an t i ng ,  wh e e l t r ac k  
6 . 5 5 "  
LPRI NT TAB ( 1 0 ) ;  
LPR I NT " P l an t i ng ,  c o n v e n t i on a l 
5 . 6 1 " 
LPRI NT TAB ( 1 0 ) ;  
LPRI NT " P  1 an t i n g  , t i 1 1  
5 . 6 1 " 
LPRI NT TAB ( 1 0 ) ;  
LPRI NT - " P l an t i n g ,  n o - t i l l 
5 . 6 1 " 
LPRI NT TAB ( 1 0 ) ;  
LPRI NT " Cu l t i v a t i ng ,  d i s k h i l l e r 
4 . 2 1 " 
LPRI NT TAB ( 1 0 ) ;  
LPR I NT " Cu l t i v a t i ng ,  s we e p s 
3 � 7 4 " 
LPRI NT TAB ( 1 0 ) ;  
LPRI NT " Cu l t i v a t i ng ,  r o l l i ng t i n e s  
3 . 7 4 " 
LPRI NT TAB ( 1 0 ) ;  
LPR I NT "Ro t a r y  h o e i ng 
2 . 3 4 "  
LPRI NT TAB ( 1 0 ) ;  
LPR I NT " S p r ay i ng f e r t i l i z e r 
1 .  8 7 n  
LPRI NT TAB ( 1 0 ) ;  
LPRI NT " S p r ay i ng p e s t i c i d e  
1 . 4 0 "  
1 6  6 
3 . 7 4  
3 . 7 4  
3 . 2 7  
3 . 2 7  
8 . 8 9  
5 . 6 1  
7 .  9 5 
5 .  6 1  
3 . 7 4  
3 . 7 4  
3 . 7 4  
3 . 2 7  
2 . 8 1  
2 . 8 1  
2 . 3 4  
1 . 8 7  
1 . 4 0  
6 3 1 5  LPRI NT TAB ( l O ) ;  
6 3 2 0 LPRI NT 
1 6 7  
" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - " 
6 3 2 5  LPR I NT : LPRI NT : LPRI NT TAB ( l O ) ;  
6 3 3 0 LPR I NT " To c o n v e r t d i e s e l t o  g a s o l i n e e qu i v a l e n t , 
mu l t i p l y by  1 . 4 . " 
6 3 3 5 LPR I NT : LPRI NT TAB ( l O ) ;  
6 34 0  LPR I NT " Fu e l  r e qu i r em e n t s g i v e n  a r e  a v e r ag e s  o f  t e s t s  
c on d u c t ed ov e r "  
6 3 4 5  LPRI NT TAB ( 1 0 ) ;  
6 3 5 0  LPRI NT " a  w i d e  r an g e o f  s o i l s . T h e a c t u a l  f u e l  
r e qu i r emen t f o r a "  
6 3 5 5  LPRI NT TAB ( l O ) ;  
6 3 6 0  LPR I NT " p a r t i c u l a r f i e l d  o p e r a t i on i n  a p a r t i c u l a r 
s o i l t y p e  m ay v a r y " 
6 3 6 5  LPRI NT TAB ( l O ) ;  
6 3 7 0  LPRI NT " a s  mu c h  a s  2 5  p e r c en t  o r  mo r e  f r om t h e  v a l u e  
g i v e n .  S o i l "  
6 3 7 5  LPR I NT TAB ( l O ) ;  
6 3 8 0  LPRI NT " t y p e s  a s s o c i a t e d w i t h  t h e  d r a f t r a t i ng s  
i nc l u d e : Low = s an d s "  
6 3 8 5  LPRI NT TAB ( 1 0 ) ;  
6 3 9 0  LPR I NT " an d  s an d y  l o am s ; Mod e r a t e  = l e arns and  s i l t  
l oam s ;  H i g h = c l ay "  
6 3 9 5  LPRI NT TAB ( 1 0 ) ;  
6 4 0 0  LPRI NT " l o am s  and c l ay s . "  
6 4 0 5  LPRI NT : LPRI NT TAB ( 1 0 ) ; 
6 4 1 0  LPRI NT " Th e  r e f e r e n c e f o r  t h e  p r e c e e d i n g t ab l e  i s :  
Gr i f f i t h ,  D . R .  a n d " 
6 4 1 5  LPRI NT TAB ( 1 0 ) ;  
6 4 2 0  LPRI NT · t' S . D .  P a r s on s . 1 9 8 1 . E n e r gy r e qu i r em e n t s  f o r 
t i l l ag e  p l an t i n g "  
6 4 2 5  LPRI NT TAB ( 1 0 ) ;  
6 4 3 0  LPRI NT " s y s t em s . P r oc e e d i ng s , A SAE Co n f e r e n c e on 
Cr op P r od u c t i o n w i t h "  
6 4 3 5  LPRINT TAB ( 1 0 ) ;  
6 4 4 0  LPR I NT " Con s e r v a t i on i n  t h e 8 0 ' s ,  ASAE , S t . Jo s ep h , 
M I . 4 9 0 8 5 . "  
6 4 4 5  LPRI NT CHR$ ( 1 2 )  
6 4 5 0  RETURN 
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